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«^^/fN^/^ SPECIFICATION 



A SEMICONDUCTOR DEVICE AND A METHOD OF 
MANUFACTURING THE SAME 



Technical Field 



present invention relates to a semiconductor 
device and a%rrie thod of manufacturing the same and 
particular to a s^^miconductor device having the 
function to control th^^^^^^t hreshold voltage of a 
transistor formedinthewe lJ><h rough the ON/OFF control 
SJ of a switch element provided betV^en the power supply 
5 wiring and the well and a t e chn i queS^h i ch may be 
m effectively adapted to the design of theN^ame 
■Jj semiconductor device. ' — 



Background Art 



Wit^h requirement for scale-down of a 
semiconductor element, low power consumption of a 
semiconductosx device and improvement in the operation 
rate of a sem i\o nductor device, the threshold voltage 
of a transistor >in a semiconductor device has been 
lowered. However , \b ecause of a low threshold voltage, 
there rises a problem ivhat it is difficult to determine 
that a true fault is gen^vrated or not on the occasion 
of inspecting whether a leaSc current is generated or 
not between the source and dra i n\x> f a transistor of the 
semiconductor device. Moreover , problem generated 
when a semiconductor device is in tfffe- condition for 
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waiting the c^eration is that the power consumption 
increases with\a leak current of transistor. In order 
to overcome such problem, a technology has been proposed 
in which the threshold voltage of transistor is 
temporarily raised to reduce a leak current by applying 
the pr ede termineou voltage to the semiconductor 
substrate where tiiansistors are arranged (in more 



practical, semiconductor region called a well) . 

\ 

Thereby, for exampld, during the testing period, when 
the transistor is tu r n ed ON even if the threshold value 
is raised, such trans^istor can be determined as a 
defective one. Moreo^xer, when the semiconductor 
device is in the condi t V on for waiting the operation, 
a leak current can be reduced and power consumption of 
the semiconductor device\can also be lowered through 
increase of the thresholdWol tage of transistor. The 
technique for varying this threshold voltage is 
described, for example, i n t he N I KKE I Ml C RO DEVI C E (Aug., 
1996), pp. 50-66 (issued onVug. 1 , 1 996), NIKKEI BP, 
Inc. Namely, a circuit structure and an element layout 
structure are disclosed for the technique to change the 
threshold voltage through the\feedback control of 
substrate voltage and to realize^ low power consumption 
and high-speed operation. \ 

Here, the inventors of the present invention have 
found, as a result of discussion^j that there still 
exists following problem in the oe chnique that the 



threshold voltage can be varied using a switch element 
for using the power supply voltage or the other voltage 
as the substrate (or well) voltage. 

Namely, in this technique, a switch element for 
changing over the power supply voltage or the other 
voltage to be used as the substrate (well) is required, 
but sufficient consideration is necessary for 
allocation of such switch element and if an excessive 
amount of switch elements are used, the allocation area 
of the logic circuits becomes small. Therefore, a chip 
size increases. Meanwhile, if the number of such 
switch elements is too small, noise is generated in the 
well resulting from increase of resistance in the well. 
Therefore, the threshold voltage varies and operation 
of semiconductor device becomes unstable. Moreover, 
such noise results in the problem that latch-up is 
easily induced in the semiconductor device having the 
CMIS circuit. 

It is therefore an object of the present invention 
to provide a technique to reduce the noise generated 
at the semiconductor region in a semiconductor device 
having the function to control the threshold voltage 
of a transistor through the ON/OFF control of a switch 
element provided between the semiconductor region where 
transistors are formed and the power supply wiring. 

Moreover, it is also an object of the present 
invention to provide a technique to reduce the noise 
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generated at the semiconductor region without increase 
in size of the semiconductor device having the function 
to control the threshold voltage of a transistor through 
ON/OFF control of a switch element provided between the 
semiconductor region where transistors are formed and 
the power supply wiring. 

In addition, it is also an object of the present 
invention to provide a technique to reduce noise 
generated at the semiconductor region without 
complication of a structure of the semiconductor device 
having the function to control the threshold voltage 
of a transistor through ON/OFF control of a switch 
element provided between the semiconductor region where 
transistors are formed and the power supply wiring. 

The aforementioned and other objects and novel 
features of the present invention will become apparent 
from the description of this specification and the 
accompanying drawings . 

Disclosure of the Invention 



^ ^ disclosed in this speci; 



inventions of the present invention 
s p e c i fars*a-t4i,oji will be summarized as 

f ol lows . 

1. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of field effect transistors formed in the semiconductor 
region, a power supply wiring for supplying the power 
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supply voltage to a plurality of the field effect 
transistors and a switch element provided between the 
semiconductor region and power supply wiring, whereby 
a plurality of switch elements are dispersed for 
allocation within the semiconductor region. 

2. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of field effect transistors formed on the semiconductor 
region, a power supply wiring for supplying the power 
supply voltage to a plurality of field effect 
transistors and a switch element provided between the 
semiconductor region and the power supply wiring, 
whereby a semiconductor region of the opposite 
conductivity type is provided to the semiconductor 
region and such semiconductor region and the power 
supply wiring are electrically connected. 

3. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of field effect transistor formed on the semiconductor 
region, a power supply wiring for supplying the power 
supply voltage to a plurality of field effect 
transistors and a switch element provided between the 
semiconductor region and the power supply wiring, 
whereby at least one of a pair of the semiconductor 
regions for source and drain of unused field effect 
transistor among a plurality of field effect 
transistors . 



4. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a power 
supply wiring for supplying the power supply voltage 
to a plurality of field effect transistors and a switch 
element provided between the semiconductor region and 
the power supply wiring, whereby a plurality of switch 
elements are dispersed for allocation within the 
semiconductor region, a semiconductor region of the 
opposing conductivity type is provided to the 
semiconductor region and such semiconductor region is 
electrically connected to the power supply wiring. 

5. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of field effect transistors formed in the semiconductor 
region, a power supply wiring for supplying the power 
supply voltage to a plurality of field effect 
transistors and a switch element provided between the 
semiconductor region and the power supply wiring, 
whereby a plurality of switch elements are dispersed 
for allocation within the semiconductor region and at 
least one of a pair of semiconductor regions for source 
and drain of unused field effect transistor among a 
plurality of field effect transistors is connected 
electrically with the power supply wiring. 

6. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of basic cells regularly arranged on the semiconductor 



substrate, field effect transistors respectively 
arranged in each cell of a plurality of basic cells and 
formed in the semiconductor region, a power supply 
wiring for supplying the power supply voltage to the 
field effect transistors and a switch element provided 
between the semiconductor region and power supply 
wiring, whereby a plurality of switch element are formed 
respectively of the field effect transistors in the 
basic cell and are dispersed for allocation within the 
semiconductor region. 

7. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of basic cells regularly arranged on the semiconductor 
substrate, field effect transistors respectively 
arranged in each cell of a plurality of basic cells and 
formed in the semiconductor region, a power supply 
wiring for supplying the power supply voltage to a 
plurality of field effect transistors and a switch 
element provided between the semiconductor region and 
power supply wiring, whereby the switch element is 
formed of the field effect transistor in the basic cell 
and semiconductor regions, formed in the semiconductor 
regions in a plurality of basic cells to have the 
conductivity type opposing to that of the semiconductor 
regions, are electrically connected with the power 
supply wiring . 

8. The present invention comprises a semiconductor 



region formed on a semiconductor substrate, a plurality 
of basic cells regularly arranged on the semiconductor 
substrate, field effect transistors arranged 
respectively in each cell of a plurality of basic cells 
and are formed in the semiconductor region, a power 
supply wiring for supplying the power supply voltage 
to the field effect transistors and a switch element 
provided between the semiconductor region and power 
supply wiring, whereby the switch element is formed of 
the field effect transistor of the basic cell and at 
least one of a pair of semiconductor regions for source 
and drain of unused field effect transistor among the 
field effect transistors is connected electrically with 
the power supply wiring. 

9. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of basic cells regularly arranged on the semiconductor 
substrate, field effect transistors arranged in each 
cell of a plurality of basic cells and formed in the 
semiconductor region, a power supply wiring for 
supplying the power supply voltage to the field effect 
transistors and a switch element provided between the 
semiconductor region and power supply wiring, whereby 
a plurality of switch elements are formed of the field 
effect transistors of the basic cell and are dispersed 
in the semiconductor region for the allocation and the 
semiconductor region of the conductivity type opposed 



to that of the semiconductor region formed in the 
semiconductor region in a plurality of basic cells is 
.connected to the power supply wiring. 

10. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of basic cells regularly arranged in the semiconductor 
substrate, field effect transistors arranged in each 
cell of a plurality of basic cells and are formed in 
the semiconductor region, a power supply wiring for 
supplying the power supply voltage to the field effect 
transistors and a switch element provided between the 
semiconductor region and power supply wiring; whereby 
a plurality of switch elements are formed of field 
effect transistors of the basic cells and are dispersed 
in the semiconductor region for the allocation, and at 
least one of a pair of semiconductor regions for source 
and drain of unused field effect transistors among the 
field effect transistors is electrically connected with 
the power supply wiring. 

11. The present invention comprises a semiconductor 
region formed on a semiconductor substrate, a plurality 
of basic cells regularly arranged on the semiconductor 
substrate, field effect transistors arranged in each 
cell of a plurality of basic cells and formed in the 
semiconductor region, a circuit formed of a plurality 
of basic cells, a power supply wiring for supplying the 
power supply voltage to the field effect transistors 



and a switch element provided between the semiconductor 
region and power supply wiring, whereby the switch 
element is built in the predetermined circuit among the 
circuits . 

12- The present invention comprises a semiconductor 
region formed in the peripheral circuit region on a 
semiconductor substrate, a plurality of cells for 
input/ output circuits regularly arranged in the 
peripheral region of the semiconductor substrate, a 
plurality of field effect trans istors ' for input/output 
circuits arranged in each cell of a plurality of cells 
for input/ output circuits and formed in the 
semiconductor region, a power supply wiring for 
supplying the power supply voltage to a plurality of 
field effect transistors for input/output circuits and 
a switch element provided between the semiconductor 
region in the peripheral circuit region and the power 
supply wiring, whereby the peripheral circui t . region 
includes an external region and an internal region, the 
field effect transistors for input/output circuits 
having a relatively higher threshold voltage are 
arranged in the external region and the field effect 
transistors for input/output circuits having 
relatively lower threshold voltage are arranged in the 
internal region, and the switch element is formed of 
the field effect transistors not used as the 
input/output circuits among the field effect 
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transistors for the input/output circuits in the 
internal region. 

13, The present invention comprises a semiconductor 
region formed in the peripheral circuit region of a 
semiconductor substrate, a plurality of cells for 
input/ output circuits regularly arranged in the 
peripheral circuit of the semiconductor substrate, a 
plurality of field effect transistors for input/output 
circuits arranged in each cell of a plurality of cells 
for input/ output circuits and formed in the 
semiconductor region, a power supply wiring for 
supplying the power supply voltage to a plurality of 
field effect transistors for input/output circuits and 
a switch element provided between the semiconductor 
region in the peripheral circuit region and the power 
supply wiring, whereby the peripheral circuit region 
includes an external region and an internal region, the 
field effect transistors for input/output circuits 
having relatively higher threshold voltage are arranged 
in the external region and the field effect transistors 
for input/output circuits having relatively lower 
threshold voltage are arranged in the internal region, 
the switch element is formed of unused field effect 
transistors among the field effect transistors for 
input/output circuits in the internal region and at 
least one of a pair of semiconductor regions for source 
and drain of the field effect transistor not used as 



the input/output circuits is electrically connected to 
the power supply wiring to form a capacitance element. 

14. The present invention comprises (a) a process to 
regularly arrange a plurality of basic cells on a 
semiconductor substrate^ (b) a process to form a switch 
element for electrically connecting and disconnecting 
between the semiconductor region formed on the 
semiconductor substrate and the power supply wiring of 
the semiconductor device with the field effect 
transistors of the predetermined basic cells among a 
plurality of basic cells and (c) a process to form a 
plurality of circuits with the predetermined basic 
cells among a plurality of basic cells. 

15. The present invention comprises (a) a process to 
regularly arrange a plurality of basic cells on a 
semiconductor substrate, (b) a process to form a switch 
element for electrically connecting and disconnecting 
between the semiconductor region formed on the 
semiconductor substrate and the power supply wiring of 
the semiconductor device with the field effect 
transistors of the predetermined basic cells among a 
plurality of basic cells, (c) a process to form a 
plurality of circuits with the predetermined basic 
cells among a plurality of basic cells and (d) a process 
to arrange contact hole for electrically connecting at 
least one of a pair of semiconductor regions for source 
and drain of the unused field effect transistors among 
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a plurality of basic cells to the power supply wiring. 
16. The present invention comprises (a) a process to 
regularly arrange a plurality of basic cells on a 
semiconductor substrate, (b) a process to form a switch 
element to electrically connect or disconnect the 
semiconductor region formed on the semiconductor 
substrate to or from the power supply wiring of the 
semiconductor device with the field effect transistors 
of the predetermined basic cells among a plurality of 
1=* basic cells and (c) a process to form a plurality of 

^ circuits with the predetermined basic cells among a 

^ plurality of cells, whereby the switch element is built, 

Q in the process (c), in the predetermined circuit among 

fy a plurality of circuits, 

O 17. The present invention comprises (a) a process to 

regularly arrange a plurality of basic cells on a 
semiconductor substrate and (b) a process to form a 
plurality of circuits with the predetermined basic 
cells among a plurality of basic cells, whereby the 
switch element is built in the predetermined circuit 
among a plurality of circuits. 



Brief Description of the Drawings 



w y< t echni 



ig. T - i ! \^ ^r] g jcpl anatory diagram illustrating the 
ique discussed with th eoTTrv^jitjD rs of the present 
invention. 



Figs. 2(a) is a circuit diagram of a part of the 
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technique illustrated in Fig. 1 and Fig. 2(b) is a 
waveform diagram illustrating the voltage waveforms at 
the connecting portions of Fig. 2(a) . 

Fig. 3(a) is a circuit diagram of a part of the 
technique illustrated in Fig. 1 and Fig. 3(b) is an 
equivalent circuit of Fig. 3(a) . 

Fig. 4 is an explanatory diagram schematically 
illustrating a part of the circuit showing the technical 
concept of the present invention. 
^ .^ g - i - g-y — ^ ^ ^ explanatory diagram schematically 

^ illustrating a circuit o f t rre-^^fe-^^h nique discussed with 
XL the inventors of the present invention 



Figs. 6(a) and 6(b) are plan views of a 



nx semiconductor device as an embodiment of the present 

p invent ion . 

Fig. 7 is an explanatory diagram schematically 
illustrating a layout of the wiring system and switch 
elements in the semiconductor device of Fig. 6. 

Fig. 8 is an explanatory diagram schematically 
illustrating a modification example of Fig. 7. 

Fig. 9 is an explanatory diagram of a semiconductor 
device of Fig. 6 in the test ing per iod . 

Fig. 10 is an explanatory diagram of a switch 
element of the semiconductor device of Fig. 6 in the 
testing period. 

Fig. 11 is an explanatory diagram of a switch 
element of the semiconductor device of Fig. 6 in the 
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operating period. 

Fig. 12 is an explanatory diagram schematically 
illustrating a modification example of the 
semiconductor device of Fig. 6. 

Fig. 13(a) and Fig. 13(b) are explanatory diagrams 
schematically illustrating a means for stabilizing well 
potential which is one of the technical concepts of the 
present invention. 

Fig. 14 (a) and Fig. 14 (b) are explanatory diagrams 
schematically illustrating a modification example of 
Fig. 13. 

Fig. 15 is a plan view of the essential portion 
of a semiconductor substrate illustrating an element 
layout of the semiconductor device of Fig. 6. 



^&Lg,,s^^l6 Ls a plan view of the essential portion 
of a semiconductor s u5's*'rT'Q''fe>e,>^ lie r e the basic cells among 
the element layout of Fig, 15 are extracted 

Fig. 17 is a c r o s s - s e c t i on a 1 view along the line 
XA-XA of Fig. 15. 

Fig. 18 is a c r o s s - s e c t i on a 1 view along the line 
XB-XB of Fig. 15. 



is a plan view of the essential portion 
of a semiconductor substrc^aie illustrating an example 
of the case where the wirings a r^^*«J^a id on the 
semiconductor substrate of Fig. 15 



i 1 an vi ew of the essential portion 
of a semiconductor substrate in the c a s e*wTrBT?-©.-.xLnl y the 
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first 'Hs>-y ^T" _and se cond layer wirings are arranged on 
the semiconductor substrate i rLth"e*'§*5Ti=w=.ii^ device 

of Fig. 19. 

Fig- 21 is a plan view of the essential portion 
of a s emi co7TTh*.c^£or substrate in the case where only the 
first layer and second ir-a^^er wirings are arranged on 
the semiconductor substrate in the""&>ejn i co nduct or device 
of Fig , 19. ^ 



Fig- 22 is a c r o s s - s e c t i o na 1 view along the line 
XA-XA of Fig. 21. 

Fig. 23 is a circuit diagram of the switch element 
of Fig - 19. 

Fig. 24 is a c r o s s - s e c t i o na 1 view along the line 
XB-XB of Fig- 19. 

Fig. 25 is an explanatory diagram schematically 
illustrating logic circuits arranged on the 
semiconductor substrate of Fig. 6. 

Fig. 26 is an explanatory diagram schematically 
illustrating the wirings on the semiconductor substrate 
of Fig. 25 and technical concept of the present 
invention . 

Fig. 27 is a circuit diagram of a clock circuit 
illustrated in Fig. 25 and Fig. 26. 

Fig. 28 is an explanatory diagram schematically 
illustrating an element layout of the clock circuit of 
Fig . 2 7. 

Fig- 29 is a circuit diagram of a flip-flop circuit 
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illustrated in Fig. 25 and Fig. 26. 

Fig. 30 is an explanatory diagram schematically 
illustrating an element layout of the semiconductor 
device of Fig. 29. 



^^Fi g . 31 is a plan view of the essential portion 
strating aTri-o^ation of the wiring system and 
circuit system in the pBrTp-hr^j^^y of external 
circumference of the semiconductor oeVice of Fig. 6. 




^ Fig. 33 is an explanatory diagram schematically 

'""si 

,p illustrating input/output circuit cells of the 

O semiconductor device of Fig. 6. 



34 is a plan view of the essential portion 
of the semiconductor"^sTri3-s,.£^ate illustrating an element 
layout example of the input /outpiPOc^rcuit cells of Fig. 
13. 



Fig. 35 is c r o s s - s e c t i o na 1 views along the lines 
XA-XB and XB-XB of Fig. 34. 

Fig. 36 is an explanatory diagram schematically 
illustrating the condition where the input circuit and 
switch elements are formed within the input/output 
circuit cells of Fig. 33. 

Fig. 37 is an explanatory diagram schematically 
illustrating a layout of the input circuit and switch 
elements of Fig. 36. 

Fig. 38 is a plan view of the semiconductor device 



-17- 



as an embodiment of the present invention. 

Best Mode for Carrying out the Invention 

The preferred embodiments of the present 
invention will be explained in detail with reference 
to the accompanying drawings- The like elements having 
the same functions are designated with the like 
reference numerals throughout the drawings prepared for 
explanation and the same explanation is not repeated 
in this specification. Moreover, in the preferred 
embodiments, a p-channel type MISFET (Metal Insulator 
Semiconductor Field Effect Transistor) is abbreviated 
as pMIS, while an n-channel type MISFET as nMIS. 

First, prior to explanation about the preferred 
embodiments, the technical concept of the present 
invention will be explained. Fig. 1 schematically 
illustrates a structure of an example of the CMIS 
(Complementary MIS) gate array which has been discussed 
with the inventors of the present invention. In the 
cell train, a plurality of basic cells 50 are arranged 
regularly along the horizontal direction of Fig. 1. 
The basic cells 50 unused among a plurality of basic 
cells 50 are given the description of ''UNUSED". The 
basic cells 50 used indicate, for example, formation 
of an inverter circuit INV as a logic circuit in order 
to simplify the explanation. This inverter circuit INV 
is a CMIS inverter circuit consisting of pMISSlQp and 
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nMISSlQn. The inverter circuit represents a basic 
logic circuit and such basic cells are not limited 
thereto allowing various modifications and changes. 
For example;- such basic cells may be used to form a basic 
logic circuit or the like such as AND circuit, NAND 
circuit, OR circuit, NOR circuit or Exclusive-OR 
circuit, etc. Moreover, the basic logic circuit is 
indicated to simplify the explanation and a 
comparatively large size (highly sophisticated and 
enlarged in size) logic circuit such as a flip-flop 
circuit and clock circuit or the like may also be formed. 
Moreover, the sign IN indicates an input of logic 
circuit, while OUT indicates an output of logic circuit. 

The power supply wiring 52VDD is provided to supply 
the relatively high potential power supply voltage. 
Moreover, the power supply wiring 52VSS is provided to 
supply the relatively low potential power supply 
voltage. The logic circuit represented by the inverter 
circuit IV is electrically connected between the power 
supply wirings 52VDD and 52VSS. For example, the drain 
of pMISSlQp of the inverter circuit INV is electrically 
connected to the power supply wiring 52VDD and the 
source of nMISSlQn of the inverter circuit INV is 
electrically connected to the power supply wiring 
52VSS - 

The wiring 53VPP for controlling well potential 
corresponds to the n-well where pMISSlQp of basic cell 
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50 is arranged. Thereby, the threshold voltage of 
pMISSlQp can be set to the predetermined value. The 
code 54R indicates the diffusing resistance of the 
n-well. Moreover, the wiring 53VNN for well potential 
control corresponds to the p-well where the nMISSlQn 
of the basic cell 50 is arranged. Thereby, the 
threshold voltage of nMISSlQn can be set to the 
predetermined value. The code 55R indicates the 
diffusing resistance of such p-well. 

A switch element 56SW1 is provided between the 
power supply wiring 52VDD and wiring 53VPP and a switch 
element 56W2 is provided between the power supply wiring 
52VSS and wiring 53VNN. In Fig, 1, the switch elements 
56SW1, 56SW2 are schematically indicated with the 
electrical codes of the switch. In actual, however, 
these switches are also formed of transistors. Namely, 
the switch element 56SW1 is composed of a pMIS, while 
the switch element 56SW2 is composed of an nMIS. These 
switch elements 56SW1, 56SW2 electrically connect or 
disconnect the power supply wirings 52VDD, 52VSS and 
wirings 53VPP, 53VNN. Namely, under the condition that 
the switch elements 56SW1, 56SW2 are turned ON, the 
wiring 53VPP is set to the potential of the power supply 
wiring 52VDD and a bias voltage is never applied to the 
p-well and n-well explained above. On the other hand, 
under the condition that the switch elements 56SW1 and 
56SW2 are turned OFF, the power supply wirings 52VDD, 
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52VSS are separated from the wirings 53VPP, 53VNN and 
a bias is generated in the p-well and n-well by applying 
the voltage of the potential different from that of the 
power supply wirings 52VDD, 52VSS to the wirings 53VPP, 
53VNN (n-well and p-well) from the external side. 

Here, it can be assumed that potential becomes 
unstable if the number of power feeding points is rather 
small because the p-well or n-well (hereinafter 
referred to only well) is formed of a high-resistance 
diffusing layer. 

When it is considered here how to reserve the 
stability of well potential, the number of switch 
elements 56SW1, 56SW2 (or density) required for 
stabilizing the well potential becomes identical to the 
number of contact holes for feeding of power to the well 
under the assumption that the switch elements 56SW1, 
56SW2 are in the ON condition when a semiconductor 
device operates normally. However, since the switch 
elements 56SW1, 56SW2 have the area as the transistor, 
if the switch elements 56SW1, 56SW2 are arranged in the 
same rate as the contact holes, a larger area is required 
and higher power is also consumed and therefore it is 
not practical. Moreover, it can also be thought to 
prepare the wirings for feeding the power to well as 
a method to reduce the number of switch elements 56SW1, 
56SW2 and also reduce the well resistance but this 
method results in increase of power consumption of 
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wiring channels and deterioration of area efficiency. 

Therefore, the mechanism of switching noise 
generated in the well will be analyzed first as the 
preparation for thinking about the method to avoid the 
problems explained above. Fig. 2(a) illustrates 
nMISSlQn forming an inverter circuit INV in the 
periphery of the p-well. Moreover, in the node N50 of 
the p-well, a noise waveform obtained by monitoring the 
point just under the inverter circuit INV is illustrated 
in Fig. 2(b) with the graph synchronized with the 
switching operation. First, a noise Ngb is generated 
in synchronization with the timing in which the waveform 
of the signal at the input IN rises. Such noise Ngb 
has been generated via a gate capacitance element Cgb 
existing between the gate electrode and semiconductor 
substrate and this noise is in the positive direction. 
Subsequently, a large noise Na in the negative direction 
is generated in synchronization with the waveform of 
signal at the output OUT. In this case, potential 
change is defined as nA. On the contrary, in the 
direction where the signal at the input NA falls, noise 
Nb is also generated in synchronization with the signal 
at the output OUT, In this case, potential change is 
defined as nB. Moreover, in this case, the noise 
element corresponding to the noise Ngb does not appear 
because the gate capacitance element Cgb disappears 
when nMISSlQn turns ON to form a channel. Since Na is 
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identical to Nb (Na = Nb) based on the charge storing 
rule, the noise Nb is larger as the absolute value of 
noise. Therefore, analysis is conducted only to the 
noise in the type of noise Nb. In this case, a parasitic 
diode capacitance existing in nMISSlQn participates in 
such analysis. Therefore, the inverter circuit INV as 
the noise source can be illustrated as Figs. 3(a) and 
3(b) . Here, the ON resistance of pMIS51Qp is defined 
as Rl and diode capacitance as CI, C2 . Moreover, the 
effective resistance of well is defined as R2 . C3- 
defines an external load capacitance. For this 
analysis, the resistance R2 is considered to be 
sufficiently small in the technique discussed by the 
inventors of the present invention and thereby diode 
capacitance C2 is considered as O(zero) . But, if the 
resistance R2 becomes distinctive, the diode 
capacitance C2 can no longer be neglected. Fig. 3(b) 
is an analysis model where these elements are all 
replaced with the resistance and capacitance. The 
linear ordinary differential equation of second order 
can be obtained by defining u as the potential 
corresponding to the well noise and by setting a circuit 
equation using such u as the unknown function and the 
solution of this differential equation is given as 
indicated below. 

U(t) = (e'" '-e"^ M /D'^^ D = (l+p + l)'-4pq, 

a = d+p + q-D'/') /2q T 1, j3 = ( 1 +p + q+ D'^' ) / 2 q t ^ , 
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r 1 = CiRi, p = R1/R2, q = C2/C1 

However, normalization is conducted with the 
power supply voltage VDD = 1 in the high potential side. 
From this, it is understood that noise u(t) can be 
lowered by enlarging D. D is the quadratic equation 
of p and q and therefore when p and q are large, D also 
becomes large. When p is large, the resistance R2 
becomes small. This method corresponds to increase in 
the number of switch elements. In this case, however, 
if the number of switch elements is simply increased 
as explained above, area efficiency of the 
semiconductor device must be sacrificed. Therefore, 
the allocation considering reduction of area efficiency 
is required. Moreover, increase of q is related in 
direct to enlargement of the diode capacitance C2 . In 
the example of the inverter circuit INV of Fig. 3, the 
diode capacitance C2 seems to be determined with the 
area of nMISSlQn. However, in actual, as illustrated 
in Fig. 1, the diodes for diode capacitance C2 exists 
like the distributed constants and the diode of the 
element of diode capacitance C2 also exists in the 
unused transistor region. Therefore, in the technical 
concept of the present invention, the power supply and 
well are electrically connected even in the unused 
transistor regions. Thereby, it is possible that the 
diode capacitance C2 is effectively increased, although 
it looks like the distributed constants. This 
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connection does not include a problem such as increase 
of layout area. Namely noise of well can be reduced 
without resulting in drop of area efficiency in the 
semiconductor device - 

Next, the technical concept of the present 
invention will be explained. Fig. 4 schematically 
illustrates the technical concept of the present 
invention represented by only one basic cell train. 
Moreover, Fig. 5 schematically illustrates the 
technique not introducing the technical concept of the 
present invention for the comparison purpose. 

As illustrated in Fig, 4, a plurality of basic 
cells 1 are regularly arranged along the X direction 
(first direction) in the basic cell train. In each 
basic cell 1, nMISQn and pMISQp, for example, are 
arranged. The code 1(U) indicates the basic cell used, 
the code 1{UU) indicates the basic cell unused, 1(S) 
indicates the basic cell used as the switch elements 
3SW1, 3SW2. Moreover, unused basic cell 1(UU) means 
that it is not used as a logic circuit. 

Fig. 4 illustrates, for simplifying the 
explanation, that a basic logic circuit such as inverter 
circuit INV and AND circuit AND, for. example, is formed 
in the basic cell 1 as the logic circuit. However, the 
inverter circuit INV and AND circuit AND represent the 
logic circuit and the logic circuit is not limited 
thereto, allowing various modifications and changes. 
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For instance, the present invention can be adapted when 
the basic logic circuit such as NAND circuit, OR circuit, 
NOR circuit or Exclusive-OR circuit or the like is 
formed. Here, the basic logic circuit is indicated to 
simplify the explanation and the present invention can 
also be adapted when a comparatively large logic circuit 
such as the flip-flop circuit and clock circuit or the 
like is formed. The inverter circuit INV and AND 

O 

circuit AND- are formed of pMISQp and nMISQn in the basic 
M= ce 1 1 1 . 

The power supply wiring 2VDD is provided to supply 
.p the relatively high potential power supply voltage and 

□ the power supply wiring 2VSS is provided to supply the 

ry relatively low potential power supply voltage. The 

O basic logic circuit is electrically connected between 

the power supply wirings 2VDD, 2VSS- For example, the 
drain of pMISQp of the inverter circuit INV is 
electrically connected to the power supply wiring 2VDD, 
while the source of nMISQn of the inverter INV is 
electrically connected to the power supply wiring 2VSS. 
The gate electrodes of nMISQn and pMISQp are 
electrically connected with each other and are 
electrically connected with the input IN. Moreover, 
the source of pMISQp and the drain of nMISQn are 
electrically connected with each other and also 
connected electrically with the output OUT. 

The wiring 2VPP for well potential control 
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corresponds to the n-well where pMISQp of the basic cell 
1 is arranged and it is indicated as a wiring. The 
threshold voltage of pMISQp can be set to the 
predetermined value by applying the predetermined 
voltage to this wiring 2vpp (namely, n-well) . The code 
R2n indicates the diffusing resistance of n-well. 
Moreover, the wiring 2VNN for well potential control 
corresponds to the p-well where nMIS of the basic cell 
1 is arranged and it is indicated here as the wiring. 
The threshold voltage of nMISQn can be set to the 
predetermined value by applying the predetermined 
voltage to this wiring 2vNN (namely, p-well) . The code 
R2p indicates the diffusing resistance of p-well. 




A switch element 3SW2 is provided between the power 
supply wiringVvDD and the wiring 2VPP (n-well) and a 
switch element 33^2 is provided between the power supply 
wiring 2VSS and theSwiring 2VNN (p-well) . These switch 
elements 2SW1, 3SW2 eSL e c t r i ca 1 1 y connect or disconnect 
the power supply w i r i n \ ^s 2VDD, 2VSS and wirings 2VPP, 
2VNN (well) . Namely, wlr^n the switch elements 3SW1, 
3SW2 are in the ON condi t ior\ the voltages of the n-well 
and p-well are set to the po^er supply voltages (n- 
well is power supply voltage, V-well is power supply 
voltage VSS) and the bias voltage \ s not applied to each 
well. Meanwhile, under the condi-c^on that the switch 
elements 3SW1, 3SW2 are in the OFF cc^ndition, the bias 
is generated in each well by external\y applying the 
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voltage different from the power supply voltage to the 



Here, the first distinctive characteristic of the 
technical concept of the present invention is that the 
switch elements 3SW1, 3SW2 are structured with pMISQp 
and nMISQn in the basic cell 1. Namely, the switch 
elements 3SW1, 3SW2 are formed with only one basic cell 
1. As explained above, the switch element may be 
arranged anywhere desired on the semiconductor 
substrate by forming the switch elements 3SW1, 3SW2 with 
MISFET in the basic cell 1. Namely, a degree of freedom 
of the allocation of the switch elements 3SW1, 3SW2 can 
be imp roved . 

Therefore, the switch elements 3SW1, 3SW2 can be 
arranged on the semiconductor substrate under the 
optimum condition for the design and logical structure 
of the semiconductor device, namely without generation 
of any problem in allocation of the main circuit. The 
gate electrode of pMISQp forming the switch element 3SW1 
is electrically connected to the wiring 2VDBC. The 
gate electrode of nMISQn forming the switch element 3SW2 
is electrically connected to the wiring 2VSBC. The 
ON/OFF conditions of the switch elements 3SW1, 3SW2 are 
controlled with the signal transmitted to the gate 
electrodes of the switch elements 3SW1, 3SW2 from these 
wirings 2VDBC, 2VSBC, 



Moreover, the second distinctive characteristic 
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of the technical concept of the present invention is 
that the switch elements 3SW1, 3SW2 are discretely 
arranged in individual wells. Namely, a plurality of 
switch elements 3SW1, 3SW2 are discretely arranged 
between both ends of the well. Therefore, a plurality 
of switch elements 3SW1, 3SW2 can be arranged discretely 
in the X direction to the well formed extending in the 
X direction by structuring the switch elements 3SW1, 
3SW2 using a plurality of basic cell 1 in the X direction. 
As explained above, the allocation of switch elements 
at both ends of well can be thought as the structure 
wherein a problem in increase of well noise is 
considered. In this case, it is not enough to arrange 
only the switch elements 3SW1, 3SW2 and the allocation 
Q considering the drop of area efficiency is also 

required . 

In the basic cell 1 used, namely in the basic cell 
1(U) where the logic circuit is formed and in the basic 
cell 1 (S) where the switch elements 3SW1, 3SW2 are 
formed, a diode capacitance C2a corresponding to the 
diode capacitance C2 is formed between the power supply 
wiring 2VDD and wiring 2VPP (n-well) and between the 
power supply wiring 2VSS and wiring 2VNN (p-well) . This 
is a capacitance generally formed as illustrated in Fig. 
5 . 



t «-Ma.E^ovej 
Q / the technical 



e^v^r, the third distinctive characteristic of 
concept o f^t^^e^^pTre-s-ejai^^^nve ntion is that 
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the semic o^d uctor region of the unused transistor 
region and tire power supply are electrically connected 
to form a diod\ capac i t ance C2 as the capacitance 
element. Namely\ as illustrated in Fig. 4, the 
semiconductor regioyri (drain) of pMISQp of unused basic 
cell 1 (UU) and the\>ower supply wiring 2VDD are 
electrically connecte^and moreover the semiconductor 
region (source) of nMI^n of unused basic cell 1 and 
the power supply wiring 2 V IB S are electrically connected. 
Thereby, even in the regioA of unused basic cell 1 (UU) , 
a diode capacitance C2b corresponding to the diode 
capacitance C2 is formed between the power supply wiring 
2VDD and wiring 2VPP(n-well)\and between the power 
supply wiring 2VSS and the wiri n\ 2VNN(p-well) . Namely;- 
the capacitance element (diode capacitance element) C2 
is formed using the unused basic ceU.1 1 (UU) not forming 
a logic circuit. Thereby, since tl^ diode capacitance 
C2 can be increased without deteri oV ation of the area 
efficiency in the semiconductor dev i\c e, noise of well 
can be reduced. As illustrated in f'Yg- 5, since the 
basic cell not forming the logic cirAuit is not 
electrically connected to the power suVpply wirings 
52VDD, 52VSS, the diode capacitance C2b \s not formed. 

Next, an example where such technical concept of 
the present invention is adapted, for example, to the 
CMIS gate array will be explained. Figs. 6(a) and 6(b) 
are the plan view of the semiconductor chip forming a 
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semiconductor device of the present embodiment. Fig. 
6{a) schematically illustrates the allocation of the 
basic cell 1, I/O ( I nput /Output ) cell 5 and a bonding 
pad BP as an external terminal in the semiconductor chip 
4. Fig. 6(b) schematically illustrates a plan view of 
the semiconductor chip 4 after the allocation and wiring 
processes. Figs. 6(a) and 6(b) respectively 
illustrate the same semiconductor chip 4 and divided 
to these two kinds of figures for making easier the 
observation of figures. 




The semiconductor chip 4 is formed in the manner, 
for example, \hat a small piece of a square flat silicon 
single crysta]\is used as the element forming member 
and a plurality <^ basic cells 2 are regularly arranged 
along the X direc t\ o n and Y direction at the center of 
the main surface (irU:ernal circuit region) . Namely, 
the gate array in thi>B embodiment is a so-called SOG 
(Sea Of Gate) type or \hannel-less type gate array. 
However, the present inv Gk n tion is not limited only to 
application into the SOG \ype gate array and allows 
various changes and modifications. For example, the 
present invention can also b e\ a dapted to the ordinary 
gate array wherein the basic c^ll train allocating a 
plurality of basic cells 2 alon\ the X direction is 
provided in the plural trains viaXthe wiring channel 
and to the composite type gate a r r a Awhe r e i n ROM (Read 
Only Memory) and RAM (Random Access Me^fnory) or the like 
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ert^e — arranged in a ddition to the basic cells 1 in 



the internal circuit region 



The basic cell 1 is a unit region having one or 
a plurality of elements which can form the basic logic 
circuit (for example, OR circuit, NOR circuit, AND 
circuit , NAND circuit, Exclusive-OR circuit or 
inverter circuit) . In the semiconductor chip 4, a 
basic logic circuit or a comparatively large size logic 
circuit (hatched region in Fig. 5) is formed of one or 
a plurality of basic cells 1 and moreover these logic 



circuits are electrically connected with a wiring 
2 (indicated as the area hatched with oblique lines in 
y Fig. 6(b) including the power supply lines 2VDD, 2VSS, 

wirings 2VDBC, 2VSBC) and thereby a semiconductor 
device, for example, having the predetermined logic 
function such as the microprocessor can be structured. 
In the basic cell 1, pMIS and nMIS, for example, are 
formed as will be explained later. A CMIS circuit can 
be formed of these pMIS and nMIS. The practical 
structure example of the basic cell 1 will be explained 
later in detail. 

At the external circumference of the main surface 
of a semiconductor chip 1 (external circumference of 
the internal circuit region, namely peripheral circuit 
region) , a plurality of I/O cells 5 and bonding pad BP 
are arranged along each side of the semiconductor chip 
4. This I/O cell 5 is a unit region including the 
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elements to form, for example, the input/output circuit 
such as the input circuit, output circuit or 
input/output both-way circuit or the like and form an 
electrostatic breakdown preventing circuit such as a 
protection diode or protection resistor or the like. 
Here, the input circuit has a function to set the power 
supply voltage and electrical signal applied from the 
external circuits of the semiconductor chip 4 to the 
condition matching to the internal circuit of the 
semiconductor chip 4, while the output circuit has a 
function to transmit the electrical signal formed 
within the semiconductor chip 4 to the target electronic 
device via the external transmission line without any 
attenuation of signal. Moreover, the bonding pad BP 
is a part where the bonding wire is joined and the power 
supply voltage and electrical signal are inputted or 
outputted at the internal and external sides of the 
semiconductor chip 4 through such bonding pad BP. The 
bonding pad BP is formed, for example, of the flat and 
square shape aluminum, aluminum alloy or copper and is 
arranged for every I/O cell 5. The practical structure 
example of I/O cell 5 will also be explained later in 
de t a i 1 . 

First, the switch element explained in the first 
and second distinctive characteristics will be 
explained. Fig. 7 schematically illustrates the 
allocation of switch elements and related wirings. As 
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illustrated in Fig. 7, the n-well NWL and p-well PWL 
are alternately arranged along the Y direction in the 
internal circuit region A. As explained above, in this 
embodiment, the switch elements 3SW1, 3SW2 are formed 
of pMISQp and nMISQn in the basic cell 1 and arranged 
discretely in each n-well NWL and p-well PWL . 



The semiconductor regions (drains) of pMISQp for 
a plurali\y of switch elements 3SW1 dispersed within 
the same n-w\ll NWL are electrically connected with each 
other via the^ power supply wiring 2VDDA and is 
electrically coynnected to the power supply wiring 2VDDB 
arranged surrounqJ_ng the external circumference of the 
internal circuit rSegion A. Moreover, the 
semiconductor regioXs (sources) of the pMISQp of a 
plurality of switch e\ements 3SW1 are electrically 
connected to the n-well^WL via the wiring 2VPPA. As 
explained above, a switchX element 3SW1 is provided 
between the power supply wir^ing 2VDDB and n-well NWL. 
The wiring 2VPPB arranged to ^urround the external 
circumference of the internal cSLrcuit region A is 
electrically connected to the n - w eJ_ 1 NWL so that the 
predetermined voltage can be applied^o the n-well NWL 
from the_ ext ernal circuit . 

Moreover, the gate electrodes of pMISQp of a 
plurality switch elements 3SW1 are electrically 
connected with each other via the wiring 2VDBCA and is 
also electrically connected to the wiring 2VDBCB 
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arranged to surround the internal circuit region A. 
Meanwhile, the semiconductor regions (sources) of 
nMISQn for a plurality of switch elements 3SW2 dispersed 
in the same p-well PWL are electrically connected with 
each other via the power supply wiring 2VSSA and is also 
electrically connected to the power supply wiring 2VSSB 
arranged to surround the external circumference of the 
internal circuit region A. Moreover, the 
semiconductor regions (sources) of nMISQn of a 
plurality of switch elements 3SW2 are electrically 
connected to the p-well PWL via the wiring 2VNNA. As 
explained above, a switch element 3SW2 is provided 
between the power supply wiring 2VSSA and the p-well 
PWL. Moreover, the wiring 2VNNB arranged to surround 
the external circumference of the internal circuit 
region A is electrically connected to the p-well PWL 
so that the predetermined voltage can be applied to the 
p-well PWL from the external circuit- Moreover, the 
gate electrodes of nMISQn of a plurality of switch 
elements 3SW2 are electrically connected with each 
other via the wiring 2VSBCA and is also electrically 
connected to the wiring 2VSBCB arranged to surround the 
internal circuit region A. Since the power supply 
wirings 2VDDB, 2VSSB, wirings 2VPPB, 2VNNB, 2VDBCB, 
2VSBCB are arranged to surround the internal circuit 
region A, the power supply voltages VDD, VSS and the 
predetermined voltages for control signal VPP, VNN, 
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VDBC and VSBC can be supplied to the internal circuit 
region A . 



Moreovej\ in this embodiment, the I/O cells are 

^ <i W V divided for theY^^ternal region side and external region 

Z^**^ side with a brok eVi line B of Fig. 7 defined as the boarder 

line and the switVh elements 3SW3, 3SW4 are formed of 

the elements in theXinternal region side. These switch 

elements 3SW3, 3SW4\have the same function as that of 

the switch elements 3SW1, 3SW2 in the internal circuit 
. i*=i \ 

1=^ region A. It is becau\se the element (iyilSFET) in the 

£ internal region side of the I/O cell 5 mainly forms the 

- . . . j^. input circuit as will be ex plained later and therefore 



the threshold voltage mustV)e lowered relatively in the 
same size as the element (MISFET) of the internal 



circuit region A in order tc\ improvement in the 
operation rate and therefore i\: is required to change 
the threshold voltage at the tiUne, for example, of 
electrical testing and waiting p\e riod of the 
semiconductor device. Since t he se\s witch elements SW3, 
SW4 are provided, it is now possible! during the normal 
operation, to turn ON the switch elements 3SW3, 3SW4 
to lower the threshold value of the VlISFET in the 
internal region of I/O cell 5 as spe c fied and also 
possible, during the inspection period, vb^ turn OFF the 
switch elements 3SW3, 3SW4 to relatively raise the 
threshold value of the MISFET in the internal region 
of the I/O cell 5. 
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In this embodiment, these switch elements 3SW3, 
3SW4 are urN^ed pMISQpA and nMISQnA in the internal 
region of the l\o cell 5, However, the switch elements 
3SW3, 3SW4 may a be formed of the unused elements 
in the I/O cell 5. IrkFig. 7, the switch elements 3SW3, 
3SW4 are arranged at tnte area near the angled corners 
of the semiconductor chip^4 and it is also possible to 
provide a plurality of switch elements 3SW3, 3SW4 to 
each side of the semiconductor c\ip 4. However, in this 
case, it is not enough to arrangse only the switch 
elements SW3, SW4 but it is required\o give any adverse 
effect on the allocation of the inpu t\o utput circuits 
and to consider a certain means to reduce ^she well noise. 
The layout in the I/O cell 5 and effect or* the switch 
element will be explained later in d etail. 

On the internal region of this I/O cell 5, the power 
supply wirings 2VDDC, 2VSSC and wirings 2VDBCC, 2VSBCC, 
2VPPC, 2VNNC are arranged in the annular shape along 
the external circumference of the semiconductor chip 
4. Thereby, the power supply voltages VDD, VSS and 
predetermined voltages for control signal VDBC, VSBC 
can be applied to each element (including switch 
elements 3SW3, 3SW4) of the I/O cell 5 and moreover the 
predetermined voltages VPP, VNN for control signal can 
also be applied from any position to the n-well NWL and 
p-well PWL in the peripheral circuit region. Here, for 
the input/output circuits and an internal circuit 
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forming the logic, the wiring systems for supplying 
voltages are provided individually considering 
generation of noise even when the potentials of the 
power supply voltages VDD, VSS and predetermined 
voltages VPP, VNN, VDBC and VSBC are identical. 
Moreover, in some cases, the power supply voltages VDD, 
VSS and the predetermined voltages VPP, VNN, VDBC, VSBC 
are different in the input/output circuit and the 
internal circuit. 

Fig. 8 is illustrates a modification example of 
Fig. 7. The thick frame indicates the basic cell 1. 
This modification example indicates that both pMISQp 
and nMISQn in one basic cell 1 are not formed as the 
switch elements and any one of pMISQp or nMISQn in one 
basic cell 1 is formed as the switch element 3SW1, 3SW2. 
In the case of this structure, since unused MISFET is 
used as the switch element, a degree of freedom in 
allocation of the switch elements can further be 
improved in comparison with the case where the unused 
basic cell 1 is used as the switch element- This 
structure can also be adapted in the peripheral circuit 
region (internal side of the I/O cell 5) . 




App'i-i^at ion examples of such switch element will 
^^S. be explained w itlT'''"''5'*e...£^e^ nee to Fig. 9 to Fig. 11. In 
Fig. 9 and Fig. 11, the s wi^bsJa e 1 eme n t s 2SW1, 2SW2 are 
indicated with the electrical coS^BN^f the switch in 
order to make obvious the ON/OFF condi t^i'*©*^^ of the 
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Fig. 9 schematically illustrates the condition of 
the electrLC testing such as the measuring inspection 
of standby current in the semiconductor device of this 
embodiment. \ During the testing, the switch elements 
3SW1, 3SW2 a\e turned OFF with the signal from the 
wirings 2VDBC,\2VSBC and the predetermined voltages VPP, 
VNN different fk-om the power supply voltages VDD, VSS 
are applied to ahe wirings 2VPP, 2VNN (well) from a 
tester 6 (namelyX from the external side of the 
semiconductor chipM) under the condition that the power 
supply wiring wVDD ^nd wiring 2VPP (n-well) are 
electrically separat\d and the power supply wiring 2VSS 
and the wiring 2VN (p-w^ll) are electrically separated. 
Thereby, it is now possible to set the threshold voltage 
of pMISQp and nMISQn in\the basic cell 1 to the 
predetermined value {relatively higher value for that 
in the operating conditionX different from that in the 
operating condition. In t\is testing, the 
predetermined voltages VPP, \\NN are applied across the 
n-well NWL or p-well PWL as illustrated in Fig. 10. 
However, in this testing, a 1 Ag ic circuit is not 
operated and noise level is not a\problem and therefore 
the diffusing resistors R2n, f^2A may have higher 
resistance values. Moreover, thepo^^^ supply voltage 
VDD during the testing is, for example, about 3.5 V and 
the power supply voltage VSS is, fv^ example, about 
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the testing and thereby it can be a§*fe*^,rm i n e d easily 
whether a transistor is defective or not. 

On the other hand. Fig, 11 schematically 
illustrates the condition of the semiconductor device 
in the operating condition. During the operating 
condition, the switch elements 3SW1, 3SW2 are turned 
ON with the signal from the wirings 2VDBC, 2VSBC to 
electrically connect the power supply wiring 2VDD and 
the wiring 2VPP (n-well) and also electrically connect 
the power supply wiring 2VSS and the wiring 2VNN 
(p-well) in order to set the potentials of the wirings 
2VPP, 2VNN (well) and the power supply wirings 2VDD, 
2VSS to the same potential (including an error) . 



Thereby, it is possible to set the threshold voltages 
of pMISQp and nMISQn in the basic cell 1 to the design 
value (relatively lower value than that at the time of 
testing) . The power supply voltage VDD during the 
operating condition is for example about 1.8 V and the 
power supply voltage VSS is for example about OV. 
Thereby, high speed operation of logic circuit can be 
real i zed . 

Fig. 12 illustrates a modification example of the 
structure to supply the voltages (VDBC, VSBC) to the 
gate electrodes of the switch elements 3SW1, 3SW2 in 
the semiconductor chip 4 and the voltages (VPP, VNN) 
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to the wirings 2VPP, 2VNN (n-well and p-well). Even 
in Fig. 12, the switch elements 3SW1, 3SW2 are indicated 
with the electrical code of switch but in actual the 
switch elements are formed of pMIS and nMIS as explained 
above. A voltage generating circuit 7A is a circuit 
electrically connected to the wirings 2VDBC, 2VSBC to 
transmit the predetermined voltages VDBC, VSBC to the 
gate electrodes of the switch elements 3SW1, 3SW2 in 
order to control the ON and OFF conditions of the switch 
elements 3SW1, 3SW2. A voltage generating circuit 7B 
is a circuit electrically connected to the wirings 2VPP, 
2VNN (n-well and p-well) to supply the voltages VPP, 
VNN to the n-well and p-well at the time of testing and 
waiting conditions. 

Next, the structure (structure to increase the 
diode capacitance C2) for stabilizing the potential of 
well explained in the third distinctive characteristic 
of the present invention will be explained. Fig. 13(a) 
is a plan view schematically illustrating a flat layout 
of unused transistor. Fig. 13(a) is a plan view with 
hatching for making easier the observation of drawings. 
Moreover, Fig. 13(b) is a schematic c r o s s - s e c t i on a 1 
view along the line XA-XA in Fig. 13(a). Fig. 13(b) 
is a c r o s s - s ec t i ona 1 view with hatching for making 
easier the observation of drawings. 

As illustrated in Figs . 13(a) and 1 3 ( b ) , . the pMI SQp 
is formed in the n-well NWL forming region and nMISQn 



is formed in the p-well PWL forming region in the 
semiconductor substrate 4S forming the semiconductor 
chip 4. The pMISQp has a pair of p-type semiconductor 
regions 8P, 8P, a gate insulation film 9 and a gate 
electrode 10. Meanwhile, the nMISQn has a pair of 
n-type semiconductor regions 8N, 8N, a gate insulation 
film 9 and a gate electrode 10. On the main surface 
of the semiconductor substrate 4S, an inter-layer 
insulation film 11 is formed and the pMISQp and nMISQn 
are covered with this interlayer insulation film 11. 
On this interlayer insulation film 11, the wirings 2VDD, 
2VSS are formed. In this embodiment, the wiring 2VDD 
is electrically connected to both of a pair of 
semiconductor regions 8P of the pMISQp through the 
contact hole 12 bored to the interlayer insulation film 
11. Moreover, the wiring 2VSS is electrically 
connected to both of a pair of semiconductor regions 
8N of the nMISQn via the contact hole 12 bored to the 
interlayer insulation film 11. 

In such a structure, a pn-junction diode is formed 
between the n-well NWL and both of a pair of 
semiconductor regions 8P, 8P and between the p-well PWL 
and both of a pair of semiconductor regions 8N, 8N. 
Since an inverse bias is applied to this diode, it does 
not turn ON and is observed as the diode capacitance 
C2 . Accordingly, the diode capacitance C2 can be 
increased by electrically connecting the semiconductor 
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regions 8P, 8N of the unused pMISQp and nMISQn and the 
wirings 2VDD, 2VSS. Thereby, stability of potential 
of the n-well NWL and p-well PWL can be improved. 
Therefore, since stability of the threshold voltage of 
the pMISQp and nMISQn forming the logic circuit formed 
on the semiconductor substrate 4 can. be improved, 
operation stability of the semiconductor device can 
also be improved. Moreover, a semiconductor device 
including the CMIS circuit has a problem of latch-up. 
Particularly, the structure including the switch 
elements has a problem that latch-up is easily generated 
because increase of noise in the well can be estimated 
with increase of the resistor R2 as explained above. 
As an example of the count ermeasure , it is thought to 
control the transmission of noise by introducing the 
well of threefold structure, but it is recommended to 
avoid the employment of structure which interferes 
micro-miniaturization because such micro- 
miniaturization is required in the internal circuit 
region. In this embodiment, since the diode 
capacitance C2 can be increased and noise generated in 
the n-well NWL and p-well PWL is controlled by 
electrically connecting the semiconductor regions (8P, 
8N) for source/drain of unused transistor and the power 
supply wirings 2VDD, 2VSS via a small contact hole 12, 
generation of latch-up can be controlled without 
impeding the request for micro-miniaturization. 
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Therefore, operation reliability of the semiconductor 
device having the CMIS circuit can be improved without 
increase in size of the semiconductor device. 

Figs. 14(a) and 14(b) illustrate modification 
examples of Figs. 13(a) and 13(b). In Figs. 14(a), 
14(b), the power supply wiring 2VDD and one 
semiconductor region 8P of a pair of semiconductor 
regions 8P, 8P of the pMISQp are electrically connected 
via the contact hole 12, and the power supply wiring 
2VSS and one semiconductor region 8N of a pair of 
semiconductor regions 8N, 8N of the nMISQn are 
electrically connected via the contact hole 12. In 
this case, on this semiconductor substrate 4, the diode 
capacitance C2 is formed between one semiconductor 
region 8P and n-well NWL and between one semiconductor 
region 8N and p-well PWL . Therefore, the electrode 
area of capacitance becomes smaller than that in Fig. 
13 and thereby the diode capacitance C2 is reduced, but 
the diode capacitance C2 can be increased in comparison 
with the case where the connection explained above is 
not yet performed. 

Next, a practical structure example of the 
semiconductor device in this embodiment will then be 
explained . 




Fig- 15 is a flat layout diagram of the essential 
portion of the CMIS gare arr^sry^ t Ixj ^ emb odiment . Fig. 
16 is a flat layout diagram where only t h e bas'i^©,...ce 1 1 
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1 is exD^racted from Fig. 15. Moreover, Fig. 17 is a 
cross-sectyional view along the line XA-XA of Fig. 15 
and Fig. IsXis a c r o s s - s e c t i ona 1 view along the line 
XB-XB of Fig.\l5. The codes CHX and CHY in Fig. 15 and 
Fig. 16 are tt^e wiring pitch line (namely, wiring 
channel ( wi r ingVr ou t e ) ) and these are not formed in the 
actual product. \a cross mark is given to the 
intersecting poinfl^s of the wiring pitch lines CHX, CHY 
and the contact holAis arranged at the position of this 
cross to connect between the wiring and semiconductor 
substrate and betweer\ di f f er ent wiring layers. One 
pitch of the wiring pitNch line is, for example, about 
0.5/im. As is illustrat \ d in Fig. 16, the basic cell 
1 is formed, in the Y direction (direction perpendicular 
to the X direction) , of twoVnMIS forming regions QNA 
and tow pMIS forming regions^^PA, but the present 
invention is not limited theret o\a nd it is also possible 
that the basic cell 1 is formed,\in the Y direction, 
of one nMIS forming region QNA one pMIS forming 

region QPA. ^ 2 

The semiconductor substrate 4S is formed, for 
example, of a p-type silicon single crystal and the 
n-well NWL (corresponding to 2VPP) and p-well PWL 
(corresponding to 2VNN extending in the X direction of 
Fig. 15 and Fig. 16 are alternately formed along the 
Y direction of Fig. 15 and Fig. 16 in the internal 
circuit region of the main surface of such semiconductor 



substrate 4S. The n-well NWL also includes, for 
example, phosphorus or arsenic and moreover the p-well 
PWL includes boron. 

Moreover, on the semiconductor substrate 4S, a 
groove type isolation (trench isolation) 13 is formed. 
This groove type isolation 13 is formed, for example, 
by embedding an isolation insulation film 13b, for 
example, consisting of a silicon oxide film in the 
trench isolation 13a formed in the thickness direction 
of the semiconductor substrate 4S and specifies the 
active region L in the plan view. This isolation is 
not limited to only a groove type and it may also be 
formed with a field insulation film formed, for example, 
with the selective oxidation method (LOCOS: Local 
Oxidation of Silicon method) . 

Moreover, the n"" type semiconductor region 14N is 
formed in the rate of one to every adjacent two basic 
cells 1 in the direction X of Fig. 15 to the n-well NWL 
of the semiconductor substrate 4S. This semiconductor 
region 14N is formed with inclusion, for example, of 
phosphorus or arsenic and is electrically connected 
with the n-well NWL. Moreover, the p"" type 
semiconductor region 14P is formed in the rate of one 
to every two adjacent basic cells 1 in the direction 
X of Fig. 15 to the p-well PWL of the semiconductor 
substrate 4S. This semiconductor region 14P is formed 
with inclusion, for example, of boron and is 



electrically connected to the p-well PWL. The n+ 
semiconductor region 14N and p+ type semiconductor 
region 14P are electrically connected with one 
semiconductor region among a pair of semiconductor 
regions for source and drain of the MISFET forming the 
switch element. 

On one basic cell 1, the pMIS forming region QPA, 
nMIS forming region QNA, pMIS forming region QPA and 
tfl nMIS forming region QNA, for example, are sequentially 

M; arranged along the Y direction of Fig. 15 and Fig. 16. 




The l&MIS forming region QPA is arranged on the 
n-well NWL Nand each region thereof is formed, for 
^^example, of t^o pMISQp, Qp . Each pMISQp includes, as 
explained abov^ a pair of semiconductor regions 8P to 
form the source a\d drain, a gate insulation film 9 and 
a gate electrode lOi. Here, two gate electrodes 10 are 
arranged in flat witrk^the overlapping manner in the two 
active regions for pMSESQp, Qp and the semiconductor 
region 8P between the aVjacent gate electrodes 10, 10 
is formed as the common region for the two pMISQp, Qp. 
In the semiconductor regiorXsP, boron, for example, is 
included. Here, it is alsoNpossible to provide a 
so-called LDD (Lightly Doped l^r ain) structure which 
suppresses the hot carrier by formJ.ng the semiconductor 
region 8P with the low impurity concentration region 
arranged in the channel side of IS^T and the high 
impurity concentration region formed\at the position 
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isolatesi as much as the low impurity concentration 
region from*%he channel electrically connected to such 
low impurity coHpe n t r a t i o n region. Moreover, it is 
also possible to fas:;m the structure to suppress the 
punch- through between t^^e source and drain by providing 
the semiconductor region^in the conductivity type 
different from that of the se»mi conduct or region 8P at 
the position in the predet ermiirfed depth from the main 
surface of the semiconductor substrate at the region 
near the end part of channel side of u^e semiconductor 
region 8P. _,_^,_^____^=======^,,====_=_===_=^ 

Moreover, the nMIS forming region QNA is arranged 
in the p-well PWL and two nMISQn, Qn, for example, are 
formed in the individual region thereof. As explained 
above, each nlMISQn includes a pair of n-type 
semiconductor regions 8N to form the source and drain, 
a gate insulation film 9 and a gate electrode 10. In 
this case, as in the case of the pMIS forming region, 
two gate electrodes 10 are arranged in flat in the 
overlapping manner in the active region L for two nMISQn, 
Qn and the semiconductor region 8N between the adjacent 
gate electrodes 10, 10 is formed as the common region 
for the two nMISQn, Qn. The semiconductor region 8N 
includes, for example, phosphorus or arsenic. Even in 
the nMISQn, it is also possibleto introduce the LDD 
structure and the structure to suppress punch- through . 

The gate insulation film 9 is formed, for example. 



of a silicon oxide film. Moreover, this gate 
insulation film 9 may be formed of an acid-nitride film 
(SiON film). Therefore, generation of interfacial 
level in the gate insulation film 9 and moreover 
electron trap in the gate insulation film 9 can also 
be reduced simultaneously- Thereby, hot carrier 
resistance in the gate insulation film 9 can be improved. 
Accordingly, operation reliability of nMISQn and pMISQp 
can be improved. 

The gate electrode 10 is formed, for example, on 
the n-type low resistance polysilicon film via a barrier 
metal film such as titanium nitride (TiN) and tungsten 
nitride (WN) or the like by sequentially forming a metal 
film such as tungsten (W) or the like from the lower 
layer (so-called polymetal structure) . This barrier 
metal film is provided to prevent that a silicide is 
formed with the heat treatment in the manufacturing 
process at the contact part in the case of laminating 
in direct a tungsten film on the low resistance 
polysilicon film. Since a metal film is provided at 
a part of the gate electrode 10, resistance of the gate 
electrode can be reduced and operation rate of the 
semiconductor device can be improved. However, the 
gate electrode 10 is not limited to the polymetal 
structure and it may be formed, for example, of a 
discrete film of low resistance polysilicon and it can 
also be formed in the so-called polycide structure where 



a silicide film such as tungsten silicide or the like 
is deposited on the low resistance polysilicon film. 
At both end portions of the gate electrode 10, a wide 
portion is formed and the holes for connection with the 
upper layer wiring are arranged. Moreover, the gate 
electrodes 10 of pMISQp and nlMISQn are formed in the 
same patterning process based on the photolithography 
and dry-etching techniques- Moreover, although not 
particularly restricted, the gate length of gate 
electrode 10 is, for example, about 0 . 1 4 m and gate 
width is, for example, about 0 . 3 0 ju m . 

In this embodiment, as explained above, one basic 
cell 1 includes eight (8) MISFETs in total consisting 
of four pMISQps in the identical gate electrode size 
(gate width and gate length) and four nMISQns in the 
gate electrode size (gate width and gate length) 
identical to that of pMISQps. However, the structure 
of the basic cell 1 is not limited thereto and allows 
various changes and modifications and the number of 
MISFETs included in one basic cell 1 may be smaller or 
larger than eight. Moreover, it is also possible to 
arrange MISFETs in different gate electrode size within 
one basic cell 1. For example, it is possible to 
arrange within one basic cell 1 the MISFET having 
relatively small gate width and the MISFET having 
relatively large gate width. Thereby, when it is 
requested to connect the MISFET of small drive current 
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(MISFET having relatively small gate width), for 
example, to a logic circuit formed of the MISFET of large 
drive current (MISFET having relatively large gate 
width), this connection may be realized with a short 
wiring route . 




N e xk, a structure including the wirings of the 
semiconductor device will be explained with reference 
to Fig, 19 to\Fig. 24, Fig.* 19 illustrates an example 
where the firs t \t o third wiring layers are arranged on 
the layout of Fig\l5. Moreover, Fig. 20 illustrates 
an example where th\ first wiring layer and second 
wiring layer are arra^oed. Moreover, Fig. 21 
illustrates allocation or\pnly the first wiring layer- 
Moreover, Fig. 22 is a c r o s Sy- s e c t i ona 1 view, along the 
line XA-XA of Fig. 21. Moreov*fer, Fig. 23 is a circuit 
diagram of the switch element illustrated in Figs. 29 
to 23. Moreover, Fig. 24 is a c r s - s e c t i o na 1 view 
a 1 o n q t h e 1 i n e .... X B - X B _ o f Fig. 19. 



The wiring route of the first wiring layer and 
third wiring layer is basically extending in the X 
direction (in some cases, it is partly extending in the 
Y direction) . Moreover, the wiring route of the second 
wiring layer is basically extending in the Y direction 
(in some cases, it is partly extending in the X 
direction) . Figs. 19 to 21 are plan views with partial 
hatching for making easier the observation of figures. 

In the first wiring layer, the power supply wirings 
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2VDDA1, 2VSSA1 of the first layer and the wirings 2VppAl, 
2VNNA1, 2LB1, 2LC1 of the first layer are formed. The 
power supply wiring 2VDDA1 of the first layer supplies 
the power supply voltage VDD and is extended like a belt 
along the X direction and is then arranged on a plurality 
of pMISQps arranged in the X direction. In the switch 
element 3SW1 forming region, the power supply wiring 
2VDDA1 of the first layer is electrically connected to 
one semiconductor region 8P (both ends side in the width 
direction of the active region L) of pMISQp forming the 
switch element 3SW1 via the contact hole 15a. Moreover, 
in the region to form the inverter circuit INV 
representing the basic logic circuit, the power supply 
wiring 2VDDA1 of the first layer is electrically 
connected to one semiconductor region 8P of pMISQp 
forming the inverter circuit INV (single end side in 
the width direction of the active region L) via the 
contact hole 15b- 

Moreover, the power supply wiring 2VSSA1- of the 
first layer supplies the power supply voltage VSS and 
is extended like a belt in the X direction and is 
arranged on a plurality of nMISQns arranged in the X 
direction. In the switch element 3SW2 forming region, 
the power supply wiring 2VSSA1 of the first layer is 
electrically connected to one semiconductor region 8N 
(both ends side in the width direction of the active 
region L) of nMISQn forming the switch element 3SW2 via 
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the contact hole 15c- Moreover, in the region to form 
the inverter circuit INV representing a basic logic 
circuit, the power supply wiring 2VSSA1 of the first 
layer is electrically connected to one semiconductor 
region 8N of nMISQn forming the inverter circuit INV 
(single end side in the width direction of the active 
region L) via the contact hole 15d. 




More Qv er, the other semiconductor region 8P of 
pMISQp form\ng the switch element 3SW1 (at the center 
in the width o^i rection of the active region L) and the 
n^ type semiconMuct or region 14N (namely, n-well NWL) 
adjacent to such \ M ISQp are electrically connected via 
the wiring 2VPPA1 <^ the first layer (corresponding to 
the wiring 2VPPA and\the contact hole 15e arranged at 
the area near the both eo^s thereof. Thereby, the power 
supply wiring 2VDDA1 of -^e first layer and the n-well 
NWL are connected via two\)MISQps for switch element 
2SW1. Moreover, the gate eJ^^ctrodes 10, 10 of two 
pMISQp forming the switch elemen^t 3SW1 are electrically 
connected via the wiring 2VDBCA1 o^the first layer and 
the contact hole 15f arranged at the area near both ends 
thereof . , = — = 




In addition, the other semiconductor region 8N of 
nMISQn forrnirTg — fcii.e^^s wi t ch element 2SW2 (at the center 
in the width direction or*trti«^^a c t i ve region L) and the 
p"" type semiconductor region 14P adjatreoit to such nMISQn 
(namely, the p-well PWL) are electrically corTt^^ted via 
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the wiriKg 2VNNA1 of the first layer (corresponding to 
the wiring fVi^A) and the contact hole 15e arranged at 
the area near boufe ends thereof. Therefore, the power 
supply wiring 2VSSAlNof the first layer and p-well PWL 
are connected via two n M'i S Qns for switch element 3SW2. 
Moreover, the gate elect r Xd es 10, 10 of two nMISQns 
forming the switch element ys^2 are electrically 
connected via the wiring 2VSBCA 1 >s> f the first layer and 
the contact hole 15f arranged at th e^*a r ea near both ends 
thereof. As illustrated in Fig. 23, t^e switch element 
3SW1 includes two pMISQps, while the switojj element 3SW2 
includes two nMlSOns. 



Moreover, the gate electrodes 10, 10 of pMISQp and 
nMISQn forming the inverter circuit INV are 
electrically connected via the wiring 2LB1 of the first 
layer and the contact hole 15g arranged at the area near 
both ends thereof- This wiring 2LB1 forms the input 
of the inverter circuit INV. Moreover, the 
semiconductor regions 8P, 8N of pMISQp and nMISQn 
forming the inverter circuit INV (at the center of the 
active region L) are electrically connected via the 
wiring 2LC1 of the first layer and the contact hole 15h 
arranged at the area near both ends thereof. This 
wiring 2LC1 of the first layer forms the output of the 
inverter circuit INV, As explained above, the wirings 
2VPPA1, 2VNNA1, 2LBl', 2LC1 wired in the basic cell 1 
are formed mainly of the first wiring layer. 
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In the second wiring layer, the power supply 
wirings 2VDDA2, 2VSSA2 of the second layer and the 
wirings 2VDBCA2, 2VSBCA2 of the second layer are formed. 
The wirings of the second wiring layer are arranged to 
extend in the Y direction. The power supply wirings 
2VDDA2 of the second layer is extended like a belt along 
the Y direction crossing the first wiring layer and is 
arranged on a plurality of the p"^ type semiconductor 
region 14P and n"" type semiconductor region 14N which 
are alternately arranged along the Y direction- At the 
intersecting point of the power supply wiring 2VDDA2 
of the second layer and the power supply wiring 2VDDA1 
of the first layer, a contact hole 15i is arranged and 
the power supply wiring 2VDDA1 of the first layer and 
the power supply wiring 2VDDA2 of the second layer are 
electrically connected via this contact hole. 

Moreover, the power supply wiring 2VSSA2 of the 
second layer is extended like a belt along the Y 
direction crossing the first wiring layer and is 
arranged on a plurality of p"" type semiconductor region 
14P and n"" type semiconductor region 14N arranged 
alternately along the Y direction. At the intersecting 
point of the power supply wiring 2VSSA2 of the second 
layer and the power supply wiring 2VSSA1 of the first 
layer, a contact hole 15j is arranged and the power 
supply wiring 2VSSA1 of the first layer and the power 
supply wiring 2VSSA2 of the second layer are 
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electrically connected via this contact hole 15j. 




xsz. 



Moreover, the wirings 2VDBCA2, 2VSBCA2 of the 
second 1 aV*s r are used to transmit the control signal 
.to turn ON an^d. OFF the switch elements 3SW1, 3SW2 and 
are extended likX. a belt along the Y direction. The 
wiring 2VDBCA2 is e 1 e»c t rically connected to the wiring 
2VDBCA1 of the first lay\r via the contact hole 15k and 
thereby electrically conn eSc t ed to the gate electrodes 
10, 10 of two pMISQps for switV^h element 3SW1 are. On 
the other hand, the wiring 2VSB^A2 is electrically 
connected to the wiring 2VSBCA1 ofN^he first layer via 
the contact hole 15m and thereby e 1 e c t r\i c a 1 1 y connected 
to the gate electrodes 10, 10 of two nMI^Qns for switch 
element 3SW2 . 




reover, the wirings 2VDBCA3 and 2VSBCA3 are 
formed the third wiring layer. Here, the wirings 

of the t h i\d wiring layer are arranged to extend along 
the X directivpn. These wirings 2 VDBCA3 , 2 VDS BCA3 are 
used to transm i\: the control signal to turn ON and OFF 
the switch elemerrts 2SW1, 3SW2 and are extended like 

\ 

belts in parallel tovthe power supply wirings 2VDDA1, 
2VSSA1 of the second layer along the X direction. The 
wiring 2VDBCA3 is e 1 e c t r iNc a 1 1 y connected to the wiring 
2VDBCA2 of the second layers via the contact hole 15n 
and thereby electrically con c ted to the gate 
electrodes 10, 10 of two pMISQps f oSr switch element 3SW1. 
On the other hand, the wiring 2VSB ^^3 is electrically 
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conneosted to the wiring 2VSBCA2 of the second layer via 

the con t^fec t hole 15p and thereby connected to the gate 

elect rodes\10 , 10 of two nMISQns for switch element 3SW2. 

Here, the wirsings 2VDBCA3, 2VSBCA3 are arranged on the 

third wiring jSayer but on the second wiring layer 

because of the reason that the switch elements 3SW1, 

3SW2 are realized \ i th an ordinary basic cell 1 and is 

arranged without reJSation to the logic to be mounted. 

Namely, it is not prac\ical to form the wirings 2VDBCA 

and2VSBCA with the secoi\l wiring layer, because if the 

wirings 2VDBCA, 2VSBCA areVormed with the second wiring 

=C layer, the wirings 2VDBCA, \VSBCA forming a pair with 

^ \ 

Q two lines must be arranged i\ the X direction of the 

jy narrow basic cell 1 and thereb y\t he wiring channels of 

O the second wiring layer are almostVestroyed. Although 

not illustrated in the figure, the^ basic cells a are 
coupled using the wiring of the fir\t wiring layer 
extending in the X direction, wiring Xof the second 
wiring layer extending in the Y direct i\D n and wiring 
of the third wiring layer extending in the X direction. 



TT"orQpver, also explained in this embodiment is an 
example wher>s^the power supply wiring 2VSS1 of the first 
layer is connec t^^^sL v ia the contact hole 12 to the 
semiconductor region 8 n^^q^ unused basic cell 1 or unused 
nMISQn. Thereby, noise of w e*3sl can be controlled only 
with allocation of a fine contact hb*^e 12. Namely, even 
in the case of semiconductor device h aN^ ng the switch 



-57- 




element s^SSWl , 3SW2, generation of noise can be 
cont rolled\j-n the well formed in the semiconductor 
substrate 4S wSlthout resulting in complicated structure 
and increase o f \c hip size. Therefore, the threshold 
voltage of MISFETN^an be stabilized, latch-up can be 
controlled and operarsion reliability of semiconductor 
device can also be impro^d. The codes 11a, 22b in Fig. 
22 and Fig. 24 indicate th eyL nterlayer insulation films 
which are formed, for examp\^, of silicon oxide film. 
Moreover, the power supply wx^ings 2VDDA1, 2VDDA2, 
2VSSA1, 2VSSA2 and wirings 2VDBOA1, 2VDBCA2, 2VDBCA3, 
wirings 2 VSBCAl , 2VSBCA2, wi rings 2^PPA1 , 2VNNA1, 2LB1, 
2LC1 or the like are composed of a laViinated film which 
is formed, for example, of aluminum,\ aluminum alloy 
including silicon and copper, copper, copper alloy or 
a laminated film formed by laminating a co\ductive film 
of these metals and titanium nitride or titanium film. 



Next, Fig. 25 illustrates an example of layout of 
the logic circuit formed by arrangement of the basic 
cell 1 as explained above. Moreover, Fig. 26 
schematically illustrates a structure of stabilizing 
the potential of the well in the layout of Fig, 25. A 
broken line in Fig. 25 and Fig. 26 indicates the basic 
cell 1 and a thick frame indicates a logic circuit. 



I n Fig . 25 and Fig. 26, an inverter circuit INV 
is arranged as the basic 1 og i c~*cT:r6*uii and moreover the 
condition is schematically illustrated in whTc+i the 
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c 1 o c l<r^"©<Lr cuit CL and flip-flop circuit FF are arranged 
as the compar'*a4;i vel y larger logic circuits. These 
logic circuits are F!><Tned of the pMISQp and nMISQn in 
the basic cell 1. The r e^g^i on other than the logic 
circuit region indicated wit h^ he thick frame is used 
as the region where the logics fSsrmed with the logic 
designers are arranged or as the regioS?^ the arrange the 
wiring 2. The basic cell 1 of the regx^^n to arrange 
the wiring 2 is the unused basic cell. 




The switch element 3SW indicates the simplified 
switch e lement s \3 SWl , 2SW2. Here, the switch element 
3SW is arranged i\ the clock circuit CL and flip-flop 
circuit FF. Namely\a certain logic circuit comprises 
a switch element 3 S W \ con s i de r i ng that a high level 
noise is generated mome^arily and easily in the clock 
circuit CL and flip-flop ciVcuit FF because operate rate 
is high, drive capability isyalso high and a plurality 
of elements or wirings are driven simultaneously. 
Namely, generation of noise ca\ e f f ec t i ve 1 y be 
controlled by previously allocatino the switch element 
3SW within the logic circuit whic h\^ asily generates 
noise. Moreover, in this case, in the \ e signing stage, 
a logic circuit already comprising the \witch element 
3SW is prepared and it is then developed a\ the layout. 
Thereby, the designers can provide a lay o\ t of logic 
circuit without considering existence of t\e switch 
element 3SW itself. Moreover, the total or^partial 
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a ri>Q,S,at i o n of the switch element 3SW can be completed 
by providingtt^e.J^yout of the logic circuit comprising 
the switch element 3S W /''^''^'''''S^e refore, the switch element 
3SW can be effectively and eas ilf's^ar ranged and moreover 
it is possible to easily provide tn^^total layout of 
the circuit . 



Moreover, Fig, 26 illustrates that the contact 
hole 12 for stabilizing the potential of well is 
arranged in the semiconductor region for the source and 
N» drain of' MISFET within the unused basic cell 1 or ^in 

^ the semiconductor region for source and drain of unused 

==p MISFET in the clock circuit CL and flip-flop circuit 

O FF and such semiconductor region and power supply 

llJ wirings 2VDDA, 2VSSA are electrically connected- 

Q Namely, the contact hole 12 for stabilizing potential 

of well can also be arranged in the unused MISFET within 
the logic circuit. 

Fig. 27 is a schematic diagram of the clock circuit 
CL . As illustrated in Fig. 21, the clock circuit CL 
comprises the switch elements 3SW1, 3SW2. The code 
INVCL designates the inverter circuit for clock. Fig, 
28 schematically illustrates the layout of the clock 
circuit CL of Fig. 27. The hatching suggests that the 
circuit is used. The clock circuit CL is formed in the 
region hatched with the right-descending lines and the 
switch element 3SW is formed in the region hatched with 
the left-descending lines. Namely, the switch element 
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3SW is comprised within the clock circuit CL as 
explained above. Moreover, the nMIS forming region QNA 
in the clock circuit CL (lowest part of the basic cell 
1 of Fig. 28) is unused and the semiconductor region 
for source and drain of such nMIS and the power supply 
wiring 2VSSA are electrically connected via the contact 
hole 12 as explained above. 

Moreover, Fig. 29 is a schematic diagram of a flip- 
flop circuit FF- As illustrated in Fig. 29, the switch 
elements 3SW1, 3SW2 are also built in the flip-flop 
circuit FF. The code FF designates the main portion 
of the flip-flop circuit. Fig. 30 schematically 
illustrates a layout of the flip-flop circuit FF of Fig. 
29. The hatched regions are used in the same manner 
as Fig. 28. Namely, the flip-flop circuit is formed 
in the region hatched with the right-descending lines, 
while the switch element 3SW is formed in the region 
hatched with the 1 e f t - de s c e nd i n g lines. Namely, the 
switch element 3SW is built in the flip-flop circuit 
FF. Moreover, the pMIS forming region QPA in the flip- 
flop circuit FF (highest portion of the basic cell 1 
of Fig. 30) and the nMIS forming region QNA (lowest 
portion of basic cell 1 of Fig. 28) are unused, the 
semiconductor regions for source and drain of such pMIS 
and the power supply wiring 2VDDA are electrically 
connected as explained above via the contact hole 12 
and the semiconductor regions for source and drain of 
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nMIS and the power supply wiring 2VSSA are also 
electrically connected as explained above via the 
contact hole 12. 

A method of manufacturing a structure having the 
switch element is, for example, as follows. 

First, a plurality of basic cells 1 are arranged 
to the entire part of the semiconductor substrate. 
Subseguent ly , the switch elements 3SW1, 3SW2 are 
arranged with MISFET in the basic cell 1 (for example, 
arranged as indicated with the oblique lines of Fig. 
38) . Thereafter, the logic circuits requested with the 
designer are automatically arranged and wired using a 
plurality of basic cells 1. Moreover, as the other 
method, the logic circuit comprising the switch 
elements 3SW1, 3SW2 (for example, clock circuit and 
flip-flop circuit) is automatically arranged and wired. 
Moreover, it is also possible to combine these methods. 

Moreover, for the structure having a contact hole 
12 for stabilizing potential of the well, it is enough 
to arrange the contact hole 12 at the crossing region 
of the semiconductor region for source and drain of 
unused MISFET and the power supply wiring after 
allocation of wiring of the logic circuit as explained 
above. In this case, allocation method of contact hole 
12 and the number of such holes may be changed for the 
completed semiconductor device by automatically 
determining whether noise is generated or not in the 
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well. Moreover, as the other method, when unused 
MISFET exists in the predetermined logic circuit (here, 
corresponding to the clock circuit and flip-flop 
circuit) , the contact hole 12 is arranged to the 
semiconductor regions for source and drain of such 
MISFET from the beginning and the logic circuit having 
such contact hole 12 is arranged and wired with the 
ordinary automatic allocation and wiring method on the 
layout surface- Thereby the total logic circuit can 
be structured. In addition, these methods can also 
combined. Therefore, the contact hole 12 can be 
provided without lowering the degree of freedom of 
wiring , 

Next, structure of the periphery of the 
semiconductor device of this embodiment will then be 
explained . 

Fig. 31 is a plan view of the external corner 
portions of semiconductor chip 1 and the peripheral 
portion thereof. Fig. 32 is an enlarged plan view of 
the essential portion of Fig. 31. 

As illustrated in Fig. 31, the power supply wirings 
2VSSD2, 2VSSD1 and power supply wirings 2VDDD2, 2VDDD1 
are sequentially arranged along the direction toward 
the center from the external circumference on the 
external region in the I/O cell 5 at the outer most 
circumference of the semiconductor chip 4, 




'i=hn p o w n.£^=3a=^'pp^ y wlr ^ii g o 2^ SSLJ 2 , 




-63- 



> 



arraiVged in the external region of the I/O cell 6 to 
supply t h e"^^^^ wer supply voltage VSS to the circuit 
structured wit nN4J S FET having relatively large gate 
width. The power sup^SsV wiring 2VSSD2 is extended like 
a belt in the Y direction o rSF i g . 31 formed in the second 
wiring layer. Moreover, the p o^e r supply wiring 2VSSD1 
is formed in the first wiring layerSand is extended like 
a belt in the X direction of Fig. 31. >r h ese power supply 
wirings 2VSSD2, 2VSSD1 are electricalJW connected via 
the contact hole 15a arranged at the crossing portion 

thereof , 

On the other hand, the power supply wirings 2VDDD2, 
2VDDD1 are used to supply the power supply voltage VDD 
to the circuit formed of MISFET having relatively large 
gate width arranged in the external region of the I/O 
cell 5. The power supply wiring 2VDDD2 is formed in 
the second wiring layer to extend like a belt in the 
Y direction of Fig. 31, while the power supply wiring 
2VDDD1 is formed in the first wiring layer to extend 
like a belt in the X direction of Fig. 31. These power 
supply wirings 2VDDD2, 2VDDD1 are electrically 
connected through the contact hole 16b arranged at the 
intersecting point thereof. As explained above, the 
power supply wiring to supply the power supply voltages 
VDD, VSS to the circuit formed of the I/O cell 5 is formed 
along the external circumference of the main surface 
of the semiconductor chip 4. 

-64- 



Moreover, as illustrated in Fig. 31, the wirings 
2VNNC2, 2VNNC1, power supply wirings 2VSSC2, 2VSSC1, 
wirings, 2VSBCC2, 2VSBCC1, wirings 2VDBC2, 2VDBCC1, 
power supply wirings 2VDDC2, 2VDDC1 and wirings 2VPPC2, 
2VPPC1 are sequentially arranged along the direction 
toward the center from the external circumference of 
the semiconductor chip 4 on the internal region in the 
I/O cell 5 at the internal side than the power supply 
wirings 2VDDD2, 2VDDD1. 

The wirings 2VNNC2, 2VNNC are provided to supply 
the voltage VNN to the well (p-well) in the internal 
region of the I/O cell 5 during the inspection period 
or waiting period and correspond to the wiring 2VNNC 
of Fig. 7. The wiring 2VNNC2 formed in the second 
wiring layer is electrically connected to the wiring 
2VNNC1 formed in the first wiring layer via the contact 
hole 16c, 

The power supply wirings 2VSSC2, 2VSSC1 are 
provided to supply the power supply voltage VSS to the 
circuit formed in the internal region of I/O cell 5 and 
correspond to the power supply wiring 2VSSC of Fig. 7. 
The wiring 2VSSC2 formed in the second wiring layer is 
electrically connected to the wiring 2VSSC1 formed in 
the first wiring layer via the contact hole 16d. 

The wirings 2VSBCC2, 2VSBCC1 is provided to supply 
the voltage VSBC to the gate electrode of the nMISQnA 
(refer to Fig. 7) forming the switch element formed in 
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the internal region of the I/O cell 5 and correspond 
to the wiring 2VSBCC of Fig. 7. The wiring 2VSBCC2 
formed in the second wiring layer is electrically 
connected to the wiring 2VSBCC1 formed in the first 
wiring layer via the contact hole 16e- 

The wirings 2VDBCC2, 2VDBCC1 are provided to 
supply the voltage VDBC to the gate electrode of the 
pMISQpA (refer to Fig. 7) forming the switch element 
formed in the internal region of the I/O cell 5 and 
corresponds to the wiring 2VDBCC of Fig. 7. The wiring 
2VDBBC2 formed in the second wiring layer is 
electrically connected to the wiring 2VDBCC1 formed in 
the first wiring layer via the contact hole 16f . 

The wirings 2VDDC2, 2VDDC1 are provided to supply 
the power supply voltage VDD to the circuit formed in 
the internal region of the I/O cell 5 and corresponds 
to the power supply wiring 2VDCC of Fig. 7. The wiring 
2VDDC2 formed in the second wiring layer is electrically 
connected to the wiring 2VDDC1 formed in the first 
wiring layer via the contact hole 16g. 

The wirings 2VPPC2, 2VPPC1 are provided to supply 
the voltage VPP to the well (n-well) in the internal 
region of the I/O cell 5 during the testing period or 
waiting period and corresponds to the wiring .2VPPC of 
Fig. 7. The wiring 2VPPC2 formed in the second wiring 
layer is electrically connected to the wiring 2VPPC1 
formed in the first wiring layer via the contact hole 
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16h. 

Moreover, as illustrated in Fig. 31 and Fig. 32, 
the wirings 2VSBCB2 , 2VSBCB1, wirings 2 VDBCB2 , 2VDBCB1, 
power supply wirings 2VSSB2, 2BSSB3 and power supply 
wirings 2VDDB2, 2VDDB3 are sequentially arranged along 
the direction toward the center from the external 
circumference of the semiconductor chip 4 at the 
internal side of the wirings 2VPPC2, 2VPPC1. 

The wirings 2VSBCB2, 2VSBCB1 are provided to 
supply the voltage VSBC to the gate electrode of the 
nMISQn forming the switch element arranged in the 
internal circuit region and correspond to the wiring 
2VSBCB of Fig. 7. The wiring 2VSBCB2 formed in the 
second wiring layer is electrically connected to the 
wiring 2VSBCB1 formed in the first wiring layer via the 
contact hole 16i. Moreover, the wiring 2VSBCB2 of the 
second wiring layer is electrically connected to the 
wiring 2VSBCB3 formed in the third wiring layer via the 
contact hole 16j and thereby is electrically connected 
to the bonding pad BP. In addition, the wiring 2VSBCB2 
of the second wiring layer is electrically connected 
to the wiring 2VSBCA1 formed in the first wiring layer 
via the contact hole 16k and thereby electrically 
connected to the gate electrode of the nMISQn forming 
the switch element in the internal circu.it region. 

The wirings 2VDBCB2 is provided to supply the 
voltage VDBC to the gate electrode of the pMISQp 
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forming the switch element arranged in the internal 
circuit region and corresponds to the wiring 2VDBCB of 
Fig. 7. The wiring 2VDBCC2 formed in the second wiring 
layer is electrically connected to the wiring 2VDBCC1 
formed in the first wiring layer via the contact hole 
16m. Moreover, the wiring 2VDBCB2 of the second wiring 
layer is electrically connected to the wiring 2VDBCB3 
formed in the third wiring layer via the contact hole 
16n and thereby electrically connected to the bonding 
pad BP. Moreover, the wiring 2VDBCB2 of the second 
wiring layer is electrically connected to the wiring 
2VDBCA1 formed in the first wiring layer via the contact 
hole 15p and thereby electrically connected to the gate 
electrode of the pMISQp forming the switch element in 
the internal circuit region. 

The power supply wirings 2VSSB2, 2VSSB3 are 
provided to supply the power supply voltage VSS to the 
logic circuits and switch elements formed in the. 
internal circuit region and correspond to the power 
supply wiring 2VSSB of Fig. 7. The wiring 2VSSB2 formed 
in the second wiring layer is electrically connected 
to the wiring 2VSSB3 formed in the third wiring layer 
as the upper layer. Moreover, the wiring 2VSSB2 of the 
second wiring layer is electrically connected to the 
wiring 2VSSB3 formed in the third wiring layer via the 
contact hole 16r and thereby electrically connected to 
the bonding pad BP. In addition, the wiring 2VSSB2 of 
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the second wiring layer is electrically connected to 
the wiring 2VSSA1 formed in the first wiring layer via 
the contact hole 16s and thereby electrically connected 
to the nMISQn forming the logic circuits and switch 
elements in the internal circuit region. 

The power supply wirings 2VDDB2, 2VDDB3 are 
provided to supply the power supply voltage VDD to the 
logic circuits and switch elements formed in the 
internal circuit region and correspond to the wiring 
2VDDB of Fig. 7. The wiring 2VDDB2 formed in the second 
wiring layer is electrically connected to the wiring 
2VDDB3 formed in the third wiring layer as the upper 
layer via the contact hole 16t. Moreover, the wiring 
2VDDB2 of the second wiring layer is electrically 
connected to the wiring 2VDDB3 formed in the third 
wiring layer via the contact hole 16u and thereby 
electrically connected to the bonding pad BP. In 
addition, the wiring 2VDDB2 of the second wiring layer 
is electrically connected to the wiring 2VDDA1 formed 
in the first wiring layer via the contact hole 16w and 
thereby electrically connected to the pMISQp forming 
the logic circuits and switch elements in the internal 
circuit region. 

Moreover, in the region near the both ends of the 
n-well NWL and p-well PWL (illustrated only one end in 
Fig. 31 and Fig. 32) , a plurality of n" type 
semiconductor regions 14N and p"^ type semiconductor 
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regions 14P are respectively arranged. The wirings 
2VNNB2, 2VNNB3, 2VPPB2, 2VPPB3 are arranged at the 
internal side of the power supply wirings 2VDDB2, 2VDDB3. 
The wirings 2VNNB2, 2VNNB3 are provided to supply the 
voltage VNN to the p-well PWL during the testing and 
waiting period and correspond to the wiring 2VNNB of 
Fig. 7. The wiring 2VNNB2 formed in the second wiring 
layer is electrically connected to the wiring 2VNNB3 
formed in the third wiring layer via the contact hole 
16x and connected to the P"^ type semiconductor region 
14P via the contact hole 17a and thereby electrically 
connected to the p-well PWL. The wirings 2VNNB2, 
2VNNB3 are electrically connected to the bonding pad 
BP via the predetermined wiring in the third wiring 
layer and thereby electrically connected to the tester 
or the like. 

The wirings 2VPPB2, 2VPPB3 are provided to supply 
the voltage VPP to the n-well NWL during the testing 
and waiting period and correspond to the wiring 2VPPB 
of Fig, 7. The wiring 2VPPB2 formed in the second 
wiring layer is electrically connected to the wiring 
2VPPB3 formed in the third wiring layer via the contact 
hole 16y and thereby connected to the n^ type 
semiconductor region 14N via the contact hole 17b and 
also electrically connected to the n-well NWL. Here, 
the wirings 2VPPB2, 2VPPB3 are electrically connected 
to the bonding pad BP via the wiring 2VPPB3 in the third 
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wiring layer and thereby electrically connected to the 
tester or the like. 

The wirings at the external circumference and near 
these semiconductor chips 4 are formed, like the wirings 
in the internal circuit region, by laminating titanium 
nitride and titanium film, for example, on aluminum, 
silicon and aluminum alloy including copper, copper, 
copper alloy or conductive film thereof. 

Next, an example of the structure of I/O cell 5 
and the circuit using such structure will be explained. 
Fig. 33 schematically illustrates the I/O cell 5. 
Moreover, Fig. 34 schematically illustrates a practical 
layout of the I/O cell 5 of Fig. 33. Moreover, Fig. 
35 is a c r o s s - s e c t i o na 1 view along the line XA-XA and 
the line XB-XB of Fig. 34. 

As illustrated in Fig. 33 and Fig. 34, the I/O cell 
5 has the external region and internal region. The 
external region is mainly provided to form an output 
circuit to arrange therein a bonding pad BP, a 
protection circuit region 18, an nMIS forming region 
QNB and a pMIS forming region QPB. The nMIS forming 
region QNB is arranged within the region of p-well PWL, 
while pMIS forming region QPB is arranged within the 
region of n-well NWL . These p-well PWL and n-well NWL 
are extending to surround the internal circuit region 
forming the logic circuits along the external 
circumference of the semiconductor chip 4. Along the 



p-well PWL and n-well NWL, the power supply wiring 2VSSD 
is arranged to pass on the nMIS forming region QNB and 
the power supply wiring 2VDDD is also arranged to pass 
on the pMIS forming region QPB. 

In the protection circuit region 18, a protection 
element is formed to protect an element of semiconductor 
device, for example, a protection resistor or the like 
from over-voltage due to the static electricity or the 
like. The MISFET itself in the pMIS forming region QPB 
and nMIS forming region QNB in the external region also 
has the function as the protection circuit for the 
circuits in the internal region. 

In the nMIS forming region QNB, the nMISQnB is 
formed as illustrated in Fig. 34 and Fig. 35, while in 
the pMIS forming region QPB, the pMISQpB is formed. The 
nMISQnB has a pair of n-type semiconductor regions 19N 
for source and drain, a gate insulation film 9A and a 
gate electrode lOA. Moreover, the pM.ISQnB has a pair 
of p-type semiconductor regions 20P for source and drain, 
a gate insulation film and a gate electrode lOA. 
Structure of the c r o s s - s e c t i on of pMISQpB is identical 
to that of nMISQnB of Fig. 35 and therefore this 
structure is not illustrated. The semiconductor 
region 19N includes, for example, phosphorus or arsenic. 
Moreover, the semiconductor region 20P includes, for 
example, boron. In Fig. 34, the semiconductor regions 
19N, 20P at the center are respectively common regions 
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of two nMISQnBs and two pMISQpBs. A material of the 
gate insulation film (9A) of the nMISQnB and pMISQpB 
is identical to that of the gate insulation film 9 of 
MISFET forming the logic circuit or the like explained 
above. However, the gate insulation film 9A is thicker 
than the gate insulation film 9, because the operation 
voltage of MISFET in the external region side (for 
example, about 2.5 to 3.3V) is higher than the operation 
voltage of MISFET of the internal circuit region (for 
example, about 1.5 to 1.8V) . The specification of I/O 
cannot be varied simply even when a voltage of the 
internal circuit region is lowered and it is essential 
to assure the operation under the higher voltage in the 
related art . 

Moreover, material of the gate electrode lOA of 
the nMISQnB and pMISQpB is identical to that. of the gate 
electrode 10 explained above. However, the width and 
length (channel length) of the gate electrode 10 are 
larger than that of the gate electrode 10. As explained 
above, the sizes of the gate insulation film 9A and gate 
electrode 10 are set relatively larger than that of 
MISFET for logic circuit because a larger driving 
capability is reguired to form the output circuit with 
the nMISQnB and pMISQpB of the external region. 

Meanwhile, the internal region of I/O cell 5 mainly 
forms the input circuit and the nMIS forming region QNC 
and pMIS forming region QPC are arranged in this region. 



The nMIS forming region QNC is arranged within the 
region of p-well PWL, while the pMIS forming region QPC 
is arranged within the region of n-well NWL . These 
p-well PWL and n-well NWL are also extending along the 
external circumference of the semiconductor chip 4 to 
surround the internal circuit region. The wiring 2VNNC, 
power supply wiring 2VSSC and wiring 2VSBCC are arranged 
to pass on the nMIS forming region QNC, while the wiring 
2VDBCC, power supply wiring 2VDCC and wiring 2VPPC are 
arranged to pass on the pMIS forming region QPB. 

In the nMIS forming region QNC, the p"" type 
semiconductor region 21P and a plurality of nMISQnAs 
are formed and in the pMIS forming region QPC, the n"" 
type semiconductor region 21N and a plurality of 
pMISQpAs are formed. The p"" type semiconductor region 
21P includes, for example, boron and supplies the 
predetermined voltage to the p-well PWL and the n"" type 
semiconductor region 21N includes, for example, 
phosphorus or arsenic and supplies the predetermined 
voltage to the n-well NWL. 

Each nMISQnA has a pair of n-type semiconductor 
regions 22N for source and drain, a gate insulation film 
9 and a gate electrode 10 and has almost the same 
structure and size as the nMISQn in the internal circuit 
region- Each pMISQpA has a pair of n-type 
semiconductor regions 23P for source and drain, a gate 
insulation film and a gate electrode 10 and has almost 
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the same structure and size as the nMISQp of the internal 
circuit region. The structure of c r o s s - s e c t i on of the 
pMISQpA is same as that of the nMISQnA of Fig. 35 and 
it is therefore not illustrated here. 

The semiconductor region 22N includes, for 
example, phosphorus or arsenic, while the semiconductor 
region 23P includes, for example, boron. Material and 
size of the gate insulation film (9) and gate electrode 
10 of the nMISQnA and pMISQpA are identical to that of 
the gate insulation film 9 and gate electrode 10 of the 
nMISQn and pMISQp in the internal circuit region 
explained above. Namely, the nMISQnA and pMISQpA of 
the internal region of I/O cell 5 have the gate width 
and gate insulation film thickness smaller and thinner 
than that of the nMISQn and pMISQp of the external region 
because the MISFET of the internal region mainly 
structures the input circuit and therefore the 
threshold voltage must be relatively lowered to realize 
higher operation rate. Using any one of a plurality 
of nMISQnA and pMISQpA, the switch elements 3SW4, 3SW3 
illustrated in Fig. 7 can be formed. 

Fig. 36 and Fig. 37 schematically illustrate the 
switch elements 3SW3, 3SW4 formed in the I/O cell 5 and 
the input circuit. 

To the gate electrode 10 of the pMISQpA forming 
the switch element 3SW3, the wiring 2VDBCC is 
electrically connected. Moreover, the power supply 
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wiring 2VDDC is electrically connected to one 
semiconductor region 23P for source and drain of pMISQpA, 
while the wiring 2VPPC is electrically connected to the 
other semiconductor region 23? for source and drain. 
This wiring 2VPPC is electrically connected to the n"^ 
type semiconductor region 21N in the internal region 
of I/O cell 5 and thereby electrically connected to the 
n-well NWL. With such connecting relationship, the 
switch element 3SW3 is provided between the power supply 
wiring VDDC and the n-well NWL. 

Meanwhile, the wiring 2VSBCC is electrically 
connected to the gate electrode 10 of the nMISQnA 
forming the switch element 3SW4. Moreover, the power 
supply wiring 2VSSC is electrically connected to one 
semiconductor region 22N for source and drain of nMISQnA, 
while the wiring 2VNNC is electrically connected to the 
other semiconductor region 22N for source and drain. 
This wiring 2VNNC is electrically connected to the p"^ 
type semiconductor region 21P in the internal region 
of I/O cell 5 and thereby electrically connected to the 
p-well PWL . With such connection relationship, the 
switch element 3SW4 is provided between the power supply 
wiring VSSC and the p-well PWL . 

As ex plained above, since the nMISQnA, .pMISQpA in 
the internal r e gioTT"T>£.-J../0 c e 1 1 5 mainly form the input 
circuit and therefore the thresTroi^^voltage must 
relatively be lowered in order to reali z e'^"i:=KLah e r 



operation rat^ ^Therefore, since it is difficult to 
determine the COTidition during the testing period like 
the MISFET formeM in the internal circuit region as 
explained above, is necessary to provide the switch 
elements 3SW3 and ^^^^ and thereby to change the 
threshold voltage the normal operation period and 

testing period. The^refore, in this embodiment, the 
switch elements 3SW3,\3SW4 are also provided within the 
region of I/O cell 5. \ Thereby, it is now possible to 
lower the threshold voltage of the pMISQpA forming the 
inverter circuit INV for\ input circuit as is designed, 
during the normal operation period, by turning ON the 
switch element 3SW3 and tnlen applying, the power supply 
voltage VDD to the n-well\and to raise the threshold 
voltage of the pMISQpA forming the inverter circuit INV 
for input circuit, during the\ testing period, by turning 
OFF the switch element 3SW3\and then applying the 
voltage VPP other than the power supply voltage VDD to 
the n-well NWL . In the same mamner, it is also possible 
to lower, as designed, the threshold voltage of the 
nMISQnA forming the inverter circuit INV for the input 
circuit by turning ON the swit cm element 3SW3 and .then 
applying the power supply voltage VSS to the p-well PWL 
and to raise the threshold voltage of the nMISQnA 
forming the inverter circuit INV fbr the input circuit, 
during the testing period, by tu An ing OFF the switch 
element 3SW3 and then applying the voltage VNN other 
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However, it is not enough to simply arrange the 
switch elements SW3, SW4 but sufficient consideration 
is necessary for allocation of the input/output circuit 
and reduction of noise in the well. For example, since 
a plurality of signal terminals are driven 
simultaneously in some cases in the input/output 
circuit formed of the I/O cell 5, a momentary large noise 
may be generated easily in the well. This problem 
becomes a large problem in the semiconductor device 
having the CMIS circuit, and providing the switch 
elements SW3, SW4 because it causes the latch-up. 
Therefore, in the present embodiment, a plurality of 
switch elements 3SW3, 3SW4 are discretely provided in 
the region of I/O cell 5 for every well. Thereby, 
generation of noise can be controlled and accordingly 
generation of latch-up can also be controlled. 
Moreover, for the semiconductor region of unused MISFET 
in the internal region of the I/O cell 5, a contact hole 
is arranged for stabilizing the well potential as 
explained above and the semiconductor region thereof 
is electrically connected to the power supply wiring. 
For example, since the process to use unused cell having 
executed the static electricity protection and gate 
process is executed although the I/O cell 5 does not 
particular function as I/O, it is also possible to form 
the contact hole for stabilizing well potential within 
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the I/O cell 5. Thereby, generation of noise in the 
well can be controlled and generation of latch-up can 
also be controlled without increase of chip size. 

Moreover, the inverter circuit INV for input 
circuit is a CMIS inverter circuit formed of the nMISQnA 
and pMISQpA in the internal region of the I/O cell 5. 
Namely, the gate electrodes 10 of the nMISQnA and 
pMISQpA are electrically connected with the wiring 2 
and thereby electrically connected to the bonding pad 
BP. The wiring 2 in the input side is connected with 
the protection circuit. Moreover, the semiconductor 
regions 22N, 23P of the nMISQnA and pMISQpA are 
electrically connected with each other with the wiring 
2 and thereby electrically connected to the 
predetermined logic circuits in the internal circuit 
region . 

As explained above, according to the present 
embodiment, noise generated in the semiconductor region 
can be reduced in the semiconductor device having the 
function to control the threshold voltage of transistor 
by providing the switch elements between the 
semiconductor region where the transistors are formed 
and the power supply wiring and then controlling the 
switch elements to ON and OFF conditions. 

Moreover, according to the present embodiment, 
noise generated in the semiconductor region can be 
reduced without increase in size of the semiconductor 



device having the function to control the threshold 
voltage of transistors by providing switch elements 
between the semiconductor region where transistors are 
formed and the power supply wiring and then controlling 
such switch elements to the ON and OFF conditions. 

Moreover, noise generated in the semiconductor 
region can be reduced without introduction of 
complicated structure of the semiconductor device 
having the function to control the threshold voltage 
of transistors by providing switch elements between the 
semiconductor region where transistors are formed and 
the power supply wiring and then controlling such switch 
elements to the ON and OFF conditions. 

Thereby, it is now possible to control variation 
of thresholdvoltage resulting from noise. In addition, 
it is now possible to control generation of latch-up 
resulting from noise. Therefore, operation 
reliability of the semiconductor device can be 
improved . 

The present invention has been explained 
practically based on the preferred embodiment thereof 
but the present invention is not limited thereto and 
allows various changes and modifications without 
departure from the claims thereof. 

For example, in this embodiment, a structure to 
electrically connect the bonding wire to the bonding 
pad has been explained but the present invention is not 
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limited thereto and the present invention can also be 
adapted to the structure where a bump electrode 
(projected electrode) is connected to the bonding pad. 

In above explanation, the present invention has 
been adapted to the CMIS gate array which is the 
application field of the present invention as the 
background thereof, but the present invention is not 
limited thereto and the present invention can also be 
adapted to the semiconductor device based on the 
standard cell (cell base IC) system in which the 
previously prepared cell library is used for design. 



Industrial Applicability 

As explained above, the semiconductor device of 
the present invention can be effectively applied to an 
information processing apparatus such as a computer, 
a communication apparatus such as a mobile telephone 
set and a video processing apparatus, and particularly 
can be applied to a semiconductor device to form the 
apparatus assuring high speed operation. 



